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upon the understanding that the Government's proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
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ABSTRACT

The purpose of this investigation uas the study of suspensiQn
lines under actul orersting conditions, having varying degees of
elongation, energr absorption And elasticity. A secondary purpose
of the investigntion wns the study of fabric porosity, shape and
type of canoT, and method of parachute deployment.

The shock absorbing canacity of five different types of parachute
suspension line cord were first evaluated for bnsic prsical properties,
then were tested by assembling into parachutes and opening the parachute
at various speeds - first at 100 mph, then 150 mph, finally 200 m-ph -
on a whirling test tower. The parachutes were evaluated first in
strndnad back tyte, then in deployment bag openings. Two types of
parachutes w•ere used; one being a twenty four foot standard perachute,
the other being a 30 foot parachute, with an extended skirt.

The loads were measured and the cords evl.unted on the basis of
shock absorbing cappcity, strength, and durability. Final results
of the work indicates that the ;resently used 550 lb tensile strength
cord, Stecification MIL-C-5&040, Type III, is the best of the cords
evalu-ted. A good correlation was established between linewenerg
absorption and snatch force, but opening shock loads aprear to be
little affected by line ch~iracteristics.
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A. PURPOSE:

1. To determine the effect or suspension line elongation
upon absorb1ing parachute Impact forces.

2. To determine which tipe of line constrvuction has the
greatest impact absorbing capacity. "-

3. To deter-mine which suspension line material has the

greatest impact absorbine capacity.

B. FACTUAL DATA:

4. The static elongation tests show that the Group IV
nylon line has the htigfhest percent elongation per unit
load.

5. The Group V (Formic Acid Treated Line) has the high-
est elongation due to Its voatbined unit elongation and
higher breaking strength.

6. The Group I (Portisan Line) had the lowest elongation.

7. The flroup III (Nylon Line) had the third highest elon-
gation.

8. The greatest number of failizres occurred in the Uroup
IV and Group I lines.

9. Group II line withstood the highest stresses of the
five groups tested without any fallu.re.

10. Group III line suffered but a single failure. This
was in a main seam or the canopy and was caused by a
line over.

11. Group V line suffered but a single failure. This was
due to an inversion of the canopy upon, opening.

12. The shock loads for the deployment bag 30 ft. canopy
launchings were approximately 30% of those for the conven-
tional 2 f ft. canopy launchings.

13. Group IV line suffered a large number of failures due
to friction burns at low shock loads.

14. Higher loads were registered on the canopies strung
with low elongatltun line than on canopies strung with
high elongation line.

WMADR 5&~5T 1



CONCLUSIONS;

15. Nylon is superior to fortisan in shock absorbing
capacity.

16. The tubular webb line (Group II) registered the
highest forces of the five groups of line tested on
the whirling tower. (See Paragraph 17.)

17. Had it not been for numerous line breaka, the for-
tisan line (Group I) may have registered higher loads
than the nylon webb (Group II) during the 200 MPH tests
using the 24 ft. canopies. The breaking of these lines
reduced the snatch and opening forces. Note that the
tensile strength of each fortisan line is 30 lbu. less
than the nylon webb.

18. The Group IV (320 lb. tensile strength) line suf-
fered the greatest number of failures in the area be-
tween the link and the skirt, particularly at lower
loads on the 30 ft. canopies. It is concluded that
this line has insufficient body to resist failure from
friction burning under opening loads. Note the lower
number of this type of failure at higher loads with
the 24 ft. canopies-

19. The outward tumbling of the deployment bag dur-
ing the test tower drops with the 30 ft. canopies
placed one or more twists in some of the suspension
lines, thus creating a source for friction burns as
the lines stretched and straightened.

20. Variation in the porosity of the fabric between
drop tests was not sufficient to materially affect
the results of the investigation.

21. The magnitude of tnc impact loads is inversely
related to the elongation of the suspension line.

22. The Group V and Group III lines exhibited high
capacity for absorbing impact loads and resisted
failure from stresses and friction burns. On the
bP7-is of impact load absorbtion, Group V line is su-
•rior.

23. The woven tubular eestructioe In stronge than
the brailde sleeve with coro thread construction but
lacks the elongation of the latter.

WADC TR52-57 2



DISCUSSION OF RESULTa:

224. The gathering of data from a series of perýonnel
canopy tests is apt to turn up some diverse, and pos-
sibly contradictory results. This investigation is no
exception. 3uch a contradiction Is found in the aver-
age opening shock loads for t.ie T:,qre I line from the
150 MPH tests with the 10 ft. canopies. This particu-
lar test shows Type I line to have the lowest record-
ed average load of the five types of line whereas, all
other snatch and opening shock loads for this line .ere
highest of all lines for all three speeds with this
canopy. Furthermore, the Type V line made the poorest
showing in respect to shock load at this speed. A
search through the drop test records revealed that a
possible cause was an above average shock load for Can-
opy Number 350250, strung with Type V line. This high
shock load was caused by an inversion of the canopy dur.-
ing opening.

25. It was also noted that on manY of the individual
tests where snatch fcrce was high, the opening shock
was relatively low. Similarly', where snatch force was
low, opening shock would be higher than average, indi-
cating that the kinetic energy of the dummy was reduced
by the combined action of the snatch and opening forces.

26. Speeds at which parachutes were tested during this
investigation exceeded tnose normally used for paratroop
drops. Considering that the dynamic pressure varies as
the square of the speed, it can bc pointed out that the
opening forces at the lesser bail out speeds used by
paratroops are probably low enough to warrant the use
of the Type IV line.

27. A fair comparlson between Type I (Fortisan sleeve
and core thread) and Type II (Nylon Webb) constructions
was difficult because two basic materials were used. A
true test of construction should compare the performance
of two lines of similar elongation, the same material
and differing only in mechanical construction. The ny-
lon webb held up so well under one test in particular
('7500 lb. snatch load) that it rates high on strength
alone. The fortisan failed at lesser loads because of
lower elongation, lower tensile strength, or the dif-
ference in construction. It is apparent that the 7.2%
difference in tensile strength was not the main reason
for the large number of broken lines.

WADCM 52-57 3
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DISCUSSION OF RESULTS (CONT'D):

28. Deployment bag line stowage loops were badly torn
during the 200 MPH drop tests due to the rapid deploy-
ment of the lines. This also caused some friction burns
on the lines.

RECOMMENPATIONS:

1. Investigate the extent to which "Opalwax" will make
the Type IV line resistant to friction burns.

2. The 30 ft. extended skirt canopies suffered a large
number of line attachment failures at the skirt., These
lines did not -breaR But the stitch~ng failed. The me-
thod of attaching lines to this shape canopy should be
investigated.

3. The flat webb line is better suited to zig-zag sewing
than a round line. Investigate the relative strength of
the attachment of the two lines.

4. Investigate the braided coreless line construction
in fortisan and nylon with respect to elongation.

VA=CTH52-5T
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MATERIALS TEZSTED

SECTION I - GENERAL

[ 1. OBJECT OF TESTS: The principle object of thiA
proje't waF iermine what effect suspension line
elongation has on the ab3orbtion of parachute im-
pact forces. A secondary object was to deternmine
what effect canopy shape and size had on impact loads
when the canoplea were equipped with these lines.
A third object was to study the effect of deployment
bage as re]ated to suapenfion line performance and
reduction of impact loads.

2. USE OF TERM - "GROUP" vs. "TYPE"- Hereafter, the
word '" tupI' Will be-used in3tiis-port instead of
the word "Type'. "Type" has been used in some of the
specifications to indicate different cords. Thus,
Group I, Group II, Group III, Group IV and Group V
will distinguish the rtve kinds of cord tested on
this contract.

SECTION II - DESCRIPTION OF LINES

I. GROUP I - 420 IM. TENSILE STRENGTH FORTISAN LINE: \
This cord !s similar to-SpTeclrlatiloni142, Type 'IT
except for its heavier construction and higher break-
ing strength. It is constructed with an outer cover
and an inner core.

Cover (Sleeve)

17.5 Picks/inch
40 Carrier Braider
Yarn 90/120 Fortisan H. T. 1/6

2•53/2.oZ

Core

4 Ends

Yarn 270/120 Fortisan H. T. 1/2/12, ~2.4S/4. 9S`/.lZz

This line had the lowest elongation of the five tested.

2. GROUP II - NYLON TUBULAR WEBBING, SIMILAR TO SPECI-PICATION AN-W-10b (MIL-W-5625): This cord-was .e only

one tested that had no core threads. It is of the wo-
ven construction as compared to braided construction in
the other four lines.

WADC T5&976



MATERIALS TESTED

SECTION II - DESCRIPTION OF LINES (CONT'D)

23 Warp Ends
Yarn 210/68 Nylon 1/8 1S/1.9S

24 Picks/inch FillI Yarn 210/68 Ny-lon 1/4 123/2.13

3. GROUP III - 550 LB. TENSILE STRENGTH NYLON CORD:

ThIs is probably the best known of the suspension cords.
It is used in all sizea and types of canopies and is
somewhat of a standard. It la fully described in Spec-
ification MIL-C-5040, Type III.

4. GROUP IV - 320 LU. TENSILE STRENGTH NYLON CORD: A
quantity of this cord was purchased by Wright Field on
Purchase Order 33-097-49-821-E. It is constructed with
an outer cover and an Iiner core.

Cover (Sleeve)

28 Picks/inch
32 Carrier Braider
Yarn 70/34 Nylon 1/2/3 Z/i20.23/13Z

Core

4, End&
Yarn 210/.34 Nylon 1/5/3.1Z/1O.5P/5.9Z

5. GROUP V - 550 LB. T.S. FORMIC ACID TREATED CORD:
This cord is the same as Group III except that it is
formic acid treated to give 55% ultimate elongation.

(a) The construction of this line is covered in
Specification MIL-C-5040 under Type III. The formic
acid treatment shrinks the line.

(b) The 700 yd. skeins of nylon shroud line were
treated in a solution of 30% formic acid at 1500 F. for
15 minutes. The line was removed, washed four times,

and remaining traces of formic acid neutralized with
soda ash. The line was given a final rinse and allowed
to dry.

WADCR 52-57 7



MATERIALS TESTED

SECTTON II - DESCRIPTION OF LINES (CONT'D)

Laboratory Test Results of Treatment:

Rupture Elongation Picks/inch Yda/lb.

Untreated 577 42% 26 84.2

3OY9 Formic * 591 55.0 28.5 78.3
Acid 9 100P *527 *51.0 28.5 79?5
for 15 minutes*554 *52.0 28.0 7,.0

"* From Center
of (3) Spools.

The above test results from Cheney Brothers Laboratories
comý:npared favorably with the line strength and elongation
obtained by Pioneer Parachute Company's investigations
3hhown in Appendix "B" Section AIll

SECTION III - DESCRIPTION OF CANOPIES

1. 24 FT. DIAMETER STANDARD FLAT CANOPIES: Thirty (30)
24 foot diameter canopies were made to A.F. Drawing
X-49J7143 except six (6) canopieh were strung with each
of the five groups of suspension cord. These cords ex-
tended from riser link to skirt, over canopy vent to op-
posite 3kirt, then to Il.nk on the opposite riser. The
canopies were made of 1.1 oz. nylon r-pstop, Specifica-
tion MIL-C-7020, "ype T. With the exception of the cord,
the canopies were of standard construction.

2. 30 FT. DIAMETER EXTENDED6SKIRT CANOPIES: Twenty
(20) canopleB were made to A.F. Drawing X-49J7141 ex-
cept four (4) canopies were strung with each of the
five groups of suspension cord. These cords were
sewed to the skirt for approximately nine (9) inches
along the main seam and connected to the drop test
riser links at the other end. Canopies were made of
1.1 oz. nylon ripatop, Specification MIL-C-7020, Type I.

3. SERIAL NUMBERS: In order that the identification of
the canopies and the test lines ,night be easily retained,
it was decided to relate the last two digits of the ser-
ial number with the size of canopy and cord group number
as follows:

WAD 52-57 55



MATERIALS TESTED

SECTION III - DESCRIPTION OF CANOPIES (CONT'D)

24 PT. CANOPIES

SERIAL NU SUSPSION LINE O.U

350201 I
02 Portisan Line similar zo
0 oSpeciftication 16142-A,
0 breaking strength, 420
05 pounds linimum.

:: 06

SWoven tubular nylon line
09 450 lbs. minimum breakirg
10 strength. Low elongation
11 type construction similar
12 to Specitication AN-W-lOb

Webb.

1I Nylon Line, Speoitfoation
15 AN-C-63, Type -11
16

19 IV
20 Nylon Line, 320 los. mini-
21 mum breaking strength, Sim-
22 ilar to material furnished
Sto Wright Field on P.O.
Rli 33-096-49-8219.

25 V
26 Nylon Line, spociriation
2; AN-C-63, Type III, Po?"9%

acid treated to produoe
29 approximately 55% @longsa-
30 t ion.

WAM M 5a-579



MATERIALS THETXO

SECTION III - DESCRIFTION OP CANOPIES (CONT'D)

30 PT. CANOPI.UIS

SERIAL NUMBER SUFENSIO3 LINE ORCIP

350231 I
32 Portisan Line similar to-
32 Specification No. 16 1 42-A.
34 breaking etrength., 420

pounds minimum.

35 II
36 Woven tubular nylon line
37 450 lbs. minimum breaking
38 strength. Low elongation

type construction similar
to Specification AN-W-lOb
webb.

39 1II
40 Nylon Line, Specification
41 AN-C-63, Type III.
42

4ý IV
Nylon Line, 320 lbs. min-

45 imum breaking strength.
46 Similar to material fur-

nished to Wright Field
on P.O. 33-096-49-821E.

V
Nylon Line, Specification

49 AN-C-63, Type III. Formic
50 acid treated to produce

approximately 55% elong&-
tion.

WADC TR 52-57 10
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MArTERIALS TESTED

SECTION IV - TYPES OF DEPLOYMENT

1. DROP TEST FROM SEAT TYPE PACK: The 24 ft. qtandard
oanopies -erz ar-packed into standard A.N. seat type packs
modified for test tower use. The 3uspension lines were
tied to four links held by twenty-seven inch drop test
cotton risers. Standard A.N. type pilot chutes were
used to pull the canopies out of the packs. The rip-
cords were adapted to the test tower dummy ripcord con-
trol device, otherwise pins and spacing were standard.

2. DROP TEJT USING DEPLOYMENT BAG: The line elonga-
tion tests o-"Pr! d an opportunity to study the effect
of a deployment bag launching of the 30 ft. extended
"skirt canopies as used in the XT-9 type parachutes.
The deployment bag design was retained but the shape
was changed to correspond with the test tower dummy.
The deployment bag was held in a test toer pack fit-
ted with cover and ripcord. (See Figure 4 , Page 215.
The bag was pulled from the pack by a twist ring pl-
lot chut% 24 Inches projected diameter. The pilot
chute was connected to the bag with a 1000 lb. ten-
sile strength bridle cord that extended through the N
bag to thw canopy vent lines. (See Figures 5 and 7
Pages 216and 21b.) Twenty-seven inch drop test cot-
ton risers connected the suspension lines to the dummy.

Note that in a conventional launching, the canopy is
withdrawn from the pack before the lines, whereas in
a deployment bag launnhhin, the lines are withdrawn
fl~rt followed by the canopy. The bag holds the cano-
py until the lines are fully stretched, thus preventing
a partial canopy opening before the linea are taut.
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STATIC IINE TESTS

ZECTION 1 - OEN1IRAI,

1. PURPOSE: The static elongation tents were conducted
to r'*asure tne breaking strengths, elongation and pe'ma-
nent set of the five groups of lines.

2. TF"TING OF HTGH EiONGT!ON CORD: All static line
tebt" ý'•re made o6n t~e gcott Penedtlum Type Tensile Tes-
ter having a jiw separation speed of 12 * 2 inches per
minute. (See rage 213, Figure 1.) This"iraohine was
equipped with H standard length bed.

It was found that only a five inch gage length, and six
inch Jaw separation could be used on the high elongation
cord and still break the cord before the jaws reached
their limit of travel. A similar limitation prevented
the continuous recording of high elongation on the auto-
graphic recorder. This wks overcome by allowing the re-
corder to graph three or five inches of elongation and
quickly returning the platen to zero from where the
elongation recording was continued. (see Tensilgrams,
Pages 25 to 29.) The two parts were added to obtain
total elongation. The autographic recorder was selec-
ted for the measurement of elongation because it pro-
vided a permanent record convenient for futu.re reference
and because it permitted easier reading of intermediate
points along the elongation curve. The use of the tensil-
grams made by the autographic recorder required that the
actual elongation be calculated to correct for Jaw pene-

tration effect. (See Page 213, FIgure 2.)

The true elongation was measured on a five inch gage
length using the C:iliper Method. Figure 2, Page 213
shows the method of winding cord around the capstans
on the tensile tester. The true elongation for each
cord was established from these break tests and measur-
ing the elongation at the breaking point by the Caliper
Method. This was followed by five tests on each group
of cord to establish the elongation at intermediate
points 50'9, 7U% and WO% of the breaking strength esta-
blished in the previous tests.

WA TR 52-57



STATIC 1,INE TESTS

SECTION II - METHOD OP MEASURING LINE ELONGATION

1. CALIPER METHOD: A five inch section is marked off
on tW co-- F6if"i-in the capstans of the testing machine.
Ae the tension is applied and the cord stretches, a pair
of caliperBs is used to measure the distance between the
mark•. This method is considered the most accurate be- n
cause the meaniurement iz made on a speoif'c length of
cord that stretches uniformly. A slight error, due to
separtiton of the fibers rather than elongation, may
take place when the cord reaches the breaking point.
This may be seen on the tensilgram made by the auto-
graphic recorder. Measurement of elongation at inter-
modiate pointz is dlffCIc,'t and less accurate becau.3e
the testInjW, mutchine cannot be stopped to make these
lmealuruesnent s.

P. EFFECTIVE GAGE LENGTH METHOD: This method is fully
desc•Ted- a paer~ -te--'b: W.J. Hamburger and E.R.
Kaswell, published in the November l943 issue of "R4YON
TEXTILE MONTHLY". A calculation Is made using data from
the autograph recorder to obtain the elongation. ThIs
calculatior tukes into account the jaw penetration of
cord wrapped around the cap!4tann.
3. SEQUENCE OF TE3TING: The five groups of lines were

St-t-i-d -asT Ws':.

(a) Three (I) break testL; wer-' made on each group
of lines to determine the average breaking strength and
average trie elongation by the caliper method.

(b) Five (5) static elongation tests were made on
each group of lines. The effective gage length method
was used to determine elongatlon farom the tensilgrams.

(c) The elongation was measured at 50t•. MtY and
90,Z of the respective breaking strengths of each group
of lines from the autograph records.

(d) The "set" of each group of lines was measured
after

5 minutes ± 30 seconds

1 hour _ 5 minutes
24 hours ± 1 hour

WhM TR 5&-57



STATIC LIKE TESTS

SECTION IIl - STATIC ELONGATION TEST RESULTS

1. CHARTS: The static line elongation test results
are tabulated on the charts Pages 18 to 22. The
charts show:

a. Average breakIng strength and true elonga-
tion. b. 'lffeotive Gage Length" elongation.

c. Permlnent sot. This measuremnt Is made

bet~een original 5 inch gage marks 5 minutes, I hour
and 24 hours after test.

2. ELONGATION RATING OF LINE GROUPS: The static elon-
gation tests show teliinei-t-W-E---the following per-
cent elongation:

BREAKING STRENGTH
GROUP NO. LBS. % ELONGATION

V 580 52.8

IV -a$s 41.8'

III 586 39.3

II 517 23.1

I A64 8.7

*The Group IV lines exhibit elongation qualities
superior to all other groups through the static load
range 0 to 336 lbs. The Group V lines are rated second
highest in the range 0 to 336 lbs. and highest in the
static load range 336 to 580 lbs. (See Graph, Page 23.)

3. GRAPHS: The follow.ing graphs were made from the
data _taed from the static elongation tests:

a. % Elongation vs. Load - Pounds. (See Page 23.)

b. (Permanent Set) Percent Elongation vs. Time -
Hours. (See Page 24.)

a. Tensilgrans. The tensilgramu of the °G.L.
teats for eaoh 'ype of line appear on Pages 25 to 29.
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STATIC LINE TESTS

SECTION IV - DISCUSSION OP RESULTS

1. ACCURACY OF RESULTS: The percentage of error be-
tween the ciip - FpirinW .G.L. method was found by divi-
ding the difference between the percent elongation of
the two methods by the true elongation of the caliper
method. This error was less than 10%, amounting to an
error of 3/64 inches in a caliper reading. This is good
accuracy considering that the -eading is taken in mo-
tion Just at the rupture point of the line.

2. PERMANENT SET MEPASUREMENTS: The permanent set could
not b measuired 30 t 5 seconiid after the elongation test
as this did not allow enough time to return the tensile
tester to no load, remove and measure the cord. Instead,
the cord was measured 5 minutes j 30 seconds after the
tests. The recovery was rapid during the first hour and
slow thereafter. The purpose of this measurement was to
determine if a parachute that was used two or more times
within an hour would still retain sufficient elongation
in the lines to reduce shock loads. Actuwlly, the lines
recover much faster after drop tests because the loads
are not as high and last only a few seconds as compared
to 90" of rated strength loading on the machine and las-
ting 30 seconds or more.

WADC Tm 52-57 17



- LHIN U~OMATION TESTS _

Similar to
Specimane Group I - Fortisan Nominal TS3 420 Speo. 16142-A

CAMPER M-THOD

Break Strength Tests in Lbs. True Elongation a 1004 Br. Str.

Sample #1 450 #i 5.50 -5 in.- .50 in.

#2 7 #2 5.44 -5 in.z .44 in.

3 465 #3 5.50 -5 in.= .50 in.

464 lbs. 0 Aver. Br. Str. Aver. True Elong.
- ,0 100% Br. Str.- .48 in.

418 lbs. 0 90% of Aver,
Br. Str. .48 x 1oo 9.8%

Z CTIV GAGE L TH METHOD True Elongation

Tat 9-f- Bre tr True Elong. . 39 x 10OZ7.6 % a 9o%
Test L+AL• Z0o of Br. Str.
No.I 7L aSo 5 x 2.58= 33.1

S1 - 5_44 .44 2.501 a- °39
245. _.60 Slong. by E.G.L. aSo 2.58x 100

S 13 3 . .. '58! 2-. 5 Method "E .C

-Eloni,. 0 1o04 by E.G.L.= 7 -12 .7%
4 5.38 .38. 2.50

5 5.38 .38, 2.8 0

Sample 50% 70% 90% Permanent Set After
No. a3o Slong. ASo Elona;. ASo Elong. 5 min. I hr. 24 hrs,

1 .0016.0 42.30 I6.9 2.50 7.6 5.25 52

2 05 6.2 3 .5 .. 7.1l 2.60 7.,Lq__ 5

.951 5.9 2.2b 6.8 2.50 7.6 5.25_ 5.25 5.19

__ .00 6.0 2,30 6.9 2.bO 7. 5. 1 "12-

____ 30 6.9 2.60 7.9 2.80 - -.. M _52

r..08 8.2 j2,36 7.1 25j 7.8 5.25 5.23 5,20

EffeotITO Gage Length
Date: October 9. 1950 L L.D.
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LINE L'L0WATTON TESTS

GCroup I1 Similar to

Specimen -woven Tubular Ncrinal T.S. 450 .Spe. AN-VJ-10b Webb.

CALIPER METHOD

4 iBreak Strength Tests in Lbs. True Elongation a 100% Br. Str.

•ample #1 515 #1 6.19 -5 In.- 1.19. in.

#2 515 #2_ .31 -5 in.: l.31 in.

350 #3 6.31 -5 in.= 1.31 in.

1517 lbs. c Aver. Br. Str. Aver. True Elong.
a 100% Br. Str.= 1.27 in,

465 lbs. a 90% of Aker. 1.27 1 00 : 25.4%6
3r. Str. 5True Elongation

EFFECTIVE GAGE L&ITH METHOD

S904 of o r_ St vnth.i. True Elonr. AL 1.04 6 a 90%
Te-T L L AL IfASO _; - lO020oBr. Str.
N.E.G.L. L-ASO 5 5.86 28.17
S1 |6.06 J1.06 1 5.75 AL : 1.04K . 0 ,I.00 2 5.75 Elong. by E.G.L. a~o 5.86 x : 20.84

. .... .. ... •..... ...... •Method 
=.28."' 0 0 8

6.06 1.06 5.75 !; . .... . .. .. .. ..I E l o n g . a 1 0 0 4,, b y E . G . L .= 0 .

I4 c .06 1.0rz .

6.00 1.00 5.75

Average 11.04 -'5*861

Sample 50% 70% 90% Permanent Set After
No. &So Elong. &So Elong. &So Elong. 5 min. I hr. 24 hrs.

1 4-45 15.8 5.10 18.1 15.75 220.4 5.01 5.25 5.25
'4 4.5. 15.8 '910 18.1 15.7 20.4 I' 5-~31 5. 25S 5.25

3vr 4.501 16.0 3.20 18.3 |5.751 20.4 5.31 5.25 5.193

" Effentive Gage Length

Date: October go 1950 L.D.
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LINE ELO0•ATION TESTS

Speoiman Group III Nylon Lin. Nomiual T.S. 550 Speo. AN-C-63 Type TIi

-t

Break Strength Tests in Lbs. True Elongation : 1004 Br. Str.,

sample #o 590 #1 7.13 -5 in.. 2.13 in.
,#2 565 #2 7.00o-5 In.=: 2.oo.0 in
s 604 "•#3 7,31 -5 In.= 2.31 In. 1

586 lb.. 0 Aver. Br. 3tr. Aver. True Elong.
a 100% Br. Str.* 2.15 in.527 lbs. 0 90% of Aver.

Br. 10, x 100 43.%
=True Elongation

ACTw I LGAGE METH OD

@90 rue ong.1.77 x 100z35.4 a90%0 904of. Br.,ak- r th-- Tru ,,log. aL = = O:5,.i ~'
Test L+&L of Br. Str.
No.

1*.G.L. L.ASo 5 x 9.64 = 27.23
1 6.75.75 75 9.55 &L 1.77

02 6 .75 1. 7 5 9.60 Slorg. by E.G.L._ &So =9.64_
Method oo- .9 6t4.- 100z 35.4%

3 6.81 1.81 9.70
Elonr,. 0 100% by E,G.L.= 35.4 39.3%4 6.81 1.81' 9.80

5 8.75 11.751 9.55

~rage 11.77 96

Sample 50% 70% 90% Permanent Set After
No. LSO slon, &so Elong. &So Elong. 5 min. 1 hr. 24 hre.

l 20 26.4 . 8.50 31.2 9.60 35.3 1 5•75 5.56 5.50

;7,20 __ .7 5.6 ' 5!!75j 5.6:3 5.5 H
26.4__ 8__50 31.2 D.70 3.6.__

Ae. ,, 26.0 8.49 31.2 ).6 36. I0 5.76 5. 5 56 J.?__

Z ,ffeotive OGae Length

Date: Ootober 9, 1950 - L. D.
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LINE ELONGATION TESTS
- ____. ~S jfiirx to matorial

furnished Wtrinht

Spealman Group IV Nylon Line Nominal T.S. 320 Speo. Field on

P.O. 33-096-49-821E
CALIPER MMTOD

Break Strength Tests in Lbs. True Elongation 0 100% Br. Str.

sample #I1 38. #1 7,12 -5 in.- 2.32 in.

#2 -'230#2 7.13 -5 In.= 2.13 in.

3 3 40 #3 7-25 -5 in.-- 2.25 In,

326 lbs. 0 Aver. Br. Str. Aver. True Elong.
0 100% Br. Str.z 2,.23 In.

302 lbs. a 90% of Aver.Br. Str. .23 x 100 = 44.61,
m-Br. Str. 'True Elongation

"ECTIVE GAGE LETH METHOD

a 90 of Be n-th True Blong. aL 1-88- 100-37 .6 4 90%
-Test L+ aL aL &So of Br. Str.
No. *E.G.L. L'&So 5 x 9.19 = 24.44

- 6.8 1.8E 9.90

2 6.88 1.88 8.90 Elong. by E.G.L. ASo 9.19 x ]00 = 37.64SMothod T-=.•= LY4.44

3 ,6.88 1.88 9.00
4 6.88 1.88 8.95 tln, 1 00% by E•O.L.= 41.81

5 6.88 1.88 9.20

Average 1.88 9.19

Sample 50% 70% 90% Permanent Set After
No. ASo Slong. ASo RIong. ASo Elong. 5 min. 1 hr. 24 hrs.

7,5 30.7 8.70 225.6 '990 40,5 5.88 5.69 5. 56 1

2 6.60 27.0 7.80 q1.9 8.90 36.4 5.88 5.69 5.56
_ 6.70 27.4 7.80 31.9 9.00 36.8 5.88 5.69 5.50___

4 0.70 27.4 7.80 31.9 8.95 36.6 5.88 5.75 5.56

9 28.2_ .05 32.9 9.20 37.6 5.88 5.75 5.58 -1
P R O •ý ý - - I

Aver. 6.88 28.1 8-0* *2.8 9.19 37.6 5.88 5.71 5.55

INSP.

ENG Effetive Gage Length
Date: October 9, 1950 ,,, L.D.

WAM TR 52--57 21



LMNE EW0GATION TISTS

Group V. Nylon Line Similar to
Speolman Formic Acid Treated Nominal T.S. 5OSpeo. MIL-C-5040

Mye Tw-f-
CALMPR RMT1oD

Break Strength Tests In Lbs. True Elongation 0 100% Br. Str.

Semple #1 575 #1 7.69 -.5 in.. 2.69 in.

S585 7&5.69 -5 In.= 2.69 In.

S3b80o 73 .715 -5 in.. 2.75 in.

580 lbs. 0 Aver. Br. Str. Aver. True Elong.
o 100% Br. Str., 2.71 In.

522 lbs. 0 90% of Aver. 271

Br. Str. j_. 100 = 54.0%
=True Elongation

E, ZCTZVZ GAGE L TH MH OD

0 90%o Bra Stri True Slong. aL =2.38 x 100=47.6 40 90%
Test L+aL &L So- of Br. Str.
NO. I_ _

0 E L L'aSo 5 x 12.32
1 7.44 2.44 12.30 2 53888

--2 7.19 2.19 12.001 Slong. by X.G.L. &So 12.32 100=47.8%
Method 3.8. '5.8 1

3 7.44 2.44 12.80 01 Elon". 0 1004 by E.GoL.= 4?.6 =52.8%
4 7.38 2.38 12.10 .4 =5.

5 7.44 2.44 12.40

Aveage 2.38 12.:32
Sample 50% 70% 90% Permanent Set After

No. aSo Xlong. aS* Iong. ASo Elong. 5 min. 1 hr. 24 hre.

I 9.4c 36.3 10.95 42.3 12,3 47,5 6819 5.94 5.81

V._1C 35.2 10.60 40.9 12.00 46.3 8.25 1 5.86 5.75

3 9.9¢ 38.3 11.45 44.2 12.8 49.4 6.25 15.94 5,75

4 9.1ý 35.5 10.70 41.3 12.1 46.7 6.75 5.88 5.69

5 9.4d 26.3 10.95 42.3 12.4 47.9 9
_L= - 4- 47-§7

Aver. [9.391 38.3 10. 93 42.,2 12.14 47.8 8=.34 5.91 5,75

SBfteetIve Gae Length

Date: October 9, 1950 , L.D.
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POROSITY

SECTION I - GENERAL

1. SIGNIFICANCE OF POROSITY: The permeability of the
fabrlýa'" 6n-e-ader -elriect on the opening time and
opening shook forces of a parachute. Its action is two
fold, a high poresity increases the opening time, thus
reducing opening shock by distributing It over a longer
period of time; it also reduces opening shock directly
by permitting more air to escape through the fabric.
In this investigation, porosity of the fabric was care-
fully checked to find any changes that would be of suf-
ficient magnitude to appreciably affect canopy loads.

SECTION II - POROSITY MEASUREMENTS

1. POROSITY MACHINE: All porosity measurements were
mde- i-tW6i •'P6zfIe Air Porosity Tester, an orifice-
type flowmeter. (See Figure 3, Page W11 .) Pressure
differential across the orifice Is converted to por-
osity reading by the use of calibration charts. (See
Bibliography, Page 223, No. 2.

2. SEQUENCE OF MEASUREMENT: During the fabrication
of tW-a-inop[igs, thei---zf•fal underwent sufficient man-
ipulation to stabilize the porosity. Hence, there was
little variation in porosity due to subsequent hand-
ling. After fabrication, porosity measurements were
taken on all canopies. On the 24 ft. canoples, poro-
sity measurements were taken on all panels of each
gore with the exception of the top panels. The top
width of the panel was too small to fit over the fa-
bric orifice. Porosity measurements were taken on all
panels of each gore of the 30 ft. canopies.

Porosity measurements were taken after each tower test
of the 24 ft. and 30 ft. parachutes. After the 100
MPH test, porosity was measured on all panels of each
gore of the 24 ft. canopies with the exception of the
top panels. All panels of each gore on the 30 ft. cano-
pies were measured for porosity after the 1O0 MPH tests.
After the 150 MPH tests, random porosity measurements
were taken on the 24 ft. and 30 ft. canopies. After
the 200 MPH tests, all panels of each gore on the 24 ft.
canopies were measured for porosity, with the exception
of the top panels. Random porosity measurements were
taken on the 30 ft. canopies after the 200 MPH tests.
For porobity measurements at the various launching
"speeds, see the porosity charts, Pages 34 to 188.

WAXC T 52-57



POROSITY

SECTION 11 POROSITY MEASUREMENTS (CONTID)

3. HUMIDITY: The effects of humidity on the results
of porosity measurements were considered and, where-
ever possible, measurements were taken at timos when
there was but small deviatic;a from the Ideal condl-o
tion; 65% relative hiunidity and a temperature or 70 F
being reoommended as the ideal tondition for the tak-
ing of porosity measurements.

4. AVERAGE POROSITY AN) VARTATIONS OF POROSITY: The
avrge~ros it ".i~E~a~fe ii 87

(ft.l/min.)/ft.) for the entire range of launching
speeds. The ayerage poro~ity for the 30 ft. canopies
was 90.46 (ft. /min.)/tt.' for the entire range o&
launching speeds. The maximum variation of the 24
ft. canopies ojer the entire range of launching speeds
was 15.30 (ft. /min.)/ft. 2 , while 4or the 30 6t. can-
opies the variation was 11.13 (ft. 3/min.)/ft.u.

5. EFFECTS OF POROSITY ON RESULTS: It wes found tlht
the V-Tt• 6i-• 6 -n"p-6sTty-Was uioC-of sufficient mag-
nitude to materially affect the results of the Inves-
tigation.

TABLE I

EFFECT OF POROS.ZTY ON OPENING SHOCK*

For the porosity range, 86.0 to 110.0 (ft. 3 /min.)/
ft. 2 , the following table gives the proportional increase
in opening shock per unit decrease in porosity at the de-
signated launching speeds.

Launching Speed A Opening Shock

MPH lbs.

100 3.33

150 6.66

200 11.05

*See Bibliography, Page 223 , No. -.

WA, ' , -3i



POROSITY

SECTION II -POROSITY MEASLtREMMNS (CONTID)

tReferring to Appendix "D", Page 20-1 , Table V ,the
average opening shook of Groups III and IV are equal
(550 lbs.) The variation in porosity Is 1.b5 unitu.
Froum Table I ,Appendix "C",, Opening Shock at 100
MPH Is 3.33 lbs. hence, Group III must be decreased
bythe '1un (,85 x3.33 =-.6 lbs.). This would

make the Group III opening shock equal to (550 -
6.161 :: 5413.839 lbs. or U4i lbs.). Group III in this
case would be rated superior to Group IV In shook ab-
sorbing capacity. In all other cases, the eff~ect of
porosity on the opening shock bears out the tabulated
ratings, thus, necessitating no corrections.

SECTION III - ChhRTS

1. POROSITY CHARTS BEFORE AND AFTER TESTS: All por'-.
osity neasuremnts taken aric orded 76Et-he porosity
charts for the 2~4 ft. and 30 ft. canopies. (See Pages
34 to 188.).

2. AVERAGE POROSITIES BY LINE GROUPS: Average poro-
siie freE goiaFWiv-fii-launching speeds
app~xa.% on the chart3 In Appendix "D", Pages 19~4 to 203.

VhDC TR5&~57 33
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POOIYMEASUREMENTS 24 $ORE CANOPY BEF~ORE TOWEh TESTS
SERIAL NO. 35W01/

TEMP. 7S5O

HUMID 516

4 8//Z~ 5' /00. / 18.8 ///.o /08.0 /.

116.

/08. 4.7!Y Ile. S~ 3)A 4iŽ~i

Mo. C,

9044 04.



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
SERIAL NO. 3SOeO02

TEMP._81 *_

HUMID. 56 o/%

211

xAD.110.7 35*.h....



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS

SERIAL NO. 3A59Z03  I
TEMP. 7f *F

90.4

847 /0/* 6z/5 836/o 7.

60.0



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS

SERIAL NO. 35O.?04

TEMP.- 7.1-O

HUMID. 67 %/

-io' iI

AJS.3G PORSIT 90.4 D077Z6ATE

VA ~ .a- 7 98.

-0 4 
9 4 .7



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE, TOWER TESTS

SERIAL NO. JS50'O5

TEMP. 8/ F

HUMID 70 %

70 /4. /0? S !.

115.2 8.9.4 60.o 9K8 33.7 119.7

/04.4 /03.3 /08.,0 114.3/V.7 .'9
...b 90.4 9-".•l.t

83.5

96.8 95.8 /,6.48 11J.4 / 109. R

A4 I?
a'/

-: ~~94.7 ,

10-.0 7, le ,/7

/e. 5/8 .3 /t.4 /$.8 76.4 100L53 4A99

AIRAGE POROSITY /.. DATE

~By__
WAMTR52--5



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
SERIAL 040. ~.

*TEMP. 1-'; _F

go.GI PO4sT /0/. 3 79137

/4ZC 3 52-5



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOW&R TESTS
SERIAL NO. 35"0207

TEMP 73 OF

HUMID 65 %

yo 904 904 33,7

8 9/W. / ," / .91$5

/9 85 4.

.7 e7

10.9 0•.t"

/ • • '

6/7.9 0 83.5 / 103.5 1.3 .

I,

AJERAGt POROSITY; 97z 4 DATE h

VADO T 52-51 ~4o by___________



POROSITY MEASUREMENTS 24 GORE CANOPY BEFGHE TOVZIh TEST3
SERIAL NO. X5W"d

TEMP. - 71Y *F

8f..5 71 7ZC

Liae 4- .96'.8**i



POROSITY MEASUREMENTS 24GRCAOYBFTTWE
SERIAL N. 24GOE6ANP0e0-9CL~?~~

TEMP. 7. :

60.0~~,9 78,698 978 8 3,

AK~AG 4OOS~ 99/ 907 Ae

DAT8.9S~j

meDCIi ___94-



POROSITY MEASUREMENTS 24 GORE CANOPY BEF'ORE TOWER TEITS
SERIAL NO. J~rc

TEMP. AI * F

90.4~0. /Z -)4.1.6 .

84. 7

4 0.

AV/GEIOZOIT/0. DAT

K1~C97 9



7117
POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS

SERIAL NO. 3-50Z11

TEMP. 80 *F

HUMID 6S6 %/

/~3 /.7 ~ //S' * /.

11611

110.7

/Oj. /OAS



_ r I

POROSITY MEASUREMENTS 24 GORE CANOPY BtFORT. TOWER T S3T,

SERIAL NO. fo2/?

TEMP. Fo F

HUMID 65%

zi1

1PY .6 A

945 " 0100.

10. 0.o9.7.I /95-V4 S 6. 7

S,130,0 3z 6_

9. 112.4 812 1. i 989 8.6

/• 6"7/ I 90.4 16- 97,9 !"

91, "r 7e. /6-898,9116 11.6 11d 1

i5 9. 8 937 9.8

m w I li = 1I I



POROSITrY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
K SERIAL NO. 3-50'Z13

TEMP. 80 *F

HUMID. 6Z%

IZ4
yoI / - d.Z 11 1 - 9 . 1 .

6g~eX/0-

/31E" .9. 7844.7 
8 .

£ AJ~RAW~POROIY.g ,

10A4 &SV, 0f3 7.



POR'OSITY MEASUREMENTS 24 GORE CANOPY BEF'ORE TOWER TESTS

I ~~SERIAL NO._3i4
TEMP. /-9_ *F

HU I, U

I go,-1 998 19

AV~R~ POOSIT' .9. 0 ATE_________

gao 8.0 97 -94

VA8O.7



POROSITY MEASUREMENTS 24 QORE CANOPY BEFO~i TOVER TESTS
SERIAL NO. O2'

HEMID. 62 %p

A~t1170 /X0-7Y /A

d2.76Z4 29S- 904 9,6 113



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TAOWER TESTS

SERIAL NO. 5?i

TEMP.-i' OF

HUMID. 6~7 %'

N

AJLRGL PROSIY 410.9.8E /.9

110.7114,3 //Z 0/,V.



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS -
SERIAL N.35boe/7

TEMP. 7-9 F

HUMID ~66

70.8

97.9 103 5' 1.6 9?.6 9.5' 94.
78.8 119.7 1 106ROSITY .8. DT.7..Ad~Q

(%b10.7clC



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
SERIAL NO. O'/I

TEMP.- 1.' OF

HUMID "~%

8Z.4

/ 11)4 6, 9.8 713990 - 95

71D 1 5-.7 915 5417.97 347 937 6.

91-.117 87



POROSITY MEASUREMENTS 24 GORE CANOPY BETMRE TOWER TESTS
SERIAL NO. 35bZ/9 - -

TEMP. 76 *F

HUMID. 4ý'

91.53 .9. 9.

198.0

A/LRA~-9-. POOIT74
~ADC~ myr

yz. 1 -90.



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS

SERIAL NO. j~OZ
TEMP.-_ 76 OF

*IUMID. 67 %/

I JRO P 1S0Y 5 *3 0 15 5AT 71, o

____________ 9I.

90-41 .5' C

-7;



PýOROSITY' MEASREMNTS 24 GORE CANOPY BEFRE TOWER T~qTS
SERIAL NO. 35'OeZ'/

TEMP. 7e OF
HUMID. 63 %

I7 \'RAdWQOST 35. 8zDATE9 - 9.

33. 8/ 13.894 . 11.



POROSITY MEASUREMENTS 24 GORE CANOPY BEF'ORE TOWER TESTS
SERIAL NO. -

TEMP. *F

HUMIDPROIY /97 AE .~
WADi el5-5



POROSITY MEASUREMENTS 24 GORE CANOPY BEMRZ TOWER TESTSSERIAL NO. !$OZZJ--3

HUMID 95*%

21N

A/%N6 9e.6IT //P.7 DATE7

.7.~ 

/06 z



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TES3TS

SERIAL NO. 3TO'ZZ.t -

TEMP. 14 O

HUMID ea)%

10.5

.3R~. 1O1OIT0 W// 7 DATE s ?00/



LPOROSITY MEASUREMENTS 24 GORE CANOPY H lO KN TOW Ei~ rsT ESTI
SEWAL NO. 35*0i'5

TEMP. 74K':F
HUMID 64~ %

W 7.4 83S/OHr

/A./

11

/4?7..6

1176J e9

81,,

* ~ ~ ~ ~ ~ e S 116 /?643/5/~~

776l

AdP1AV~II, OS~ M 6 DATF

* . ~ By



POROSITY MEASUREMENTS 24 GORE CANOP'Y BEFORE ?O'ItýR TESTS

SERIAL NO. .. ".~i

HUMID I /H

'1.7 /o/.4 8.7 .96,8 95.6 aO~ 10,5 107

110. 97.9~.

/03.5 86.9 70.8 776 /4-1.6:?,cs /4

L53 -5: . V .9 8, z



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORX TOWER TE8TM
SERIAL NO. J95Q0ý2 7
TEMP. *F.
HUMID _27

90. 8 469.4 .9 80 /0-93. 7Z6 9 '8Z

A1R71CQOSTY3. / 88.

.~A84.7 .9__6



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS

SERIAL NO. $ 8

TEMP. 76 *F

HUM ID 65"

. .98 3.,I



POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWERl TE5ST
SEIRIAL NO, 35VeZ

TEMP. 789 OF

HUMID 65-%

S835 S /-8.

76.41 6Y.7 gaoa &r~- 0,S 6p9.4 93.7

.9.

WAIJ C 10052- 7 97__ __ _ __9_



POROSITY MEASUREMENTS 24 GORE CAOYBFR OE ET

SERIAL NO.. .~~

TEMP. 4?t OF

HUMID _%0/

IN,,

10. AA. 79.8Xý .99.8 S

0.7 663



POROSITY MEASUREMENTS 30 GORE CANOPY A A lv N. P.m. "mN

SERIAL NO. 35pA~3I
TEMP._r16@OF

HUMID o4 %

84.;

j9 e 95. ioi.

c 77 O.

99-i
4-6/

sq. 9.0 f 85.

AVERGE PROSIY 89 Z OTE ____07__1

WADC~1 5ha5



POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 W.P.H. TEST
SERIAL NO, ~ -

TEMP. -1 OF

HUMII

AVERAGE17 lORotT CIS.AE

1WA~im~a..7 65 "' 1



POROSITY MEASUREMENTS 30 GORE CANOPY BEF'ORE 100 HoP.H. TEST

SERIAL NO. 35oea3~
TEMP. I i F

HUMID 66 %

o.4.

0.0 04.4 1007 Q.4 1

AVERAGE ~ _1D POOBY AE '

W~lEloco.?-.1504.4 eoo/"

ee."s 0 C9
-- 8. 10.,-. &-.4 --- --



'POROSITY MEASUREMEN'dS 30 GORE CANOPY WE~ORE 100 XMP.H. TEST

SERIAL NO. $w.*J4
TEMP. 'V1 OF

HUMID_'1r %

h4 4

82.4 Z.4

.3.

"XI

C)/

101.6~1 
q4

10?

Ci.. 0.0



POROSITY MEASUREMENTS 30 GORE CANOPY BEFOR~E 100 Kv?* PH. TEST
SERIAL NO. 303

TEMP.' S) OF

HUMID. -70, %

1"51-
~74.4 \0. 0*o. C l

syri~.) . 1007 96

WAI3C02 Sri 525 6y_



POROSITY MEASUREMENTS 30 GORE CANOPY BK'EOR 100 X.PbH. TEST
SERIAL NO.3t5()L-6-

'U7

AVEAG POOST W0 Ae _ _ _ _ _ _

84,7D 89K4



POQO3ITY MEASUREMENTS 30 GORE CANOPY WORE 100 RaPsH. TUOT
SERIAL NO. 350L37-

HUMID r* % 8

07. 1

80 -, 0-0

†††£54.oz 
70



r

-POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 III.P.H.
SERIAL NO.~
TEMP ,ioý\

I. 
00 

'

Ms.. /m

AVEAG POOST DAE6-3s

WAD 3 .,'55/_ _ 7 Y .

a~ 4 E3

03 -58-



POROSITY MEASUREMENTS 30 GORE CANOPY BM RZ 100 M. P. H.

SERIAL NO. 350?._Z.F..)
TEMP. "I?- OF

HUMlD.G'?_. %

904 9t-(m 78.6

64.,r7
54.7 lowl

91.5
I 06.Z 94.1

nr'. as 103.5 9(p-b sa,!D 97. ý9
3.6

8 8.:5
Aon s,,, 81D.4

IVbt

tot.(& s

R?_ .4. ,100-7 aq.7

,Dot, 16 &30 Lq 1. 7-rl 9
oo..

4

_-sot" 90,4100,'194-7.
zC4.5

80-0 92-4, 'I'l- (I

'78. 6

oklk'!) I 100"1 0

AVERAM POROSITY DAIF



rPOROSITY MEASUREMENTS_ 30 GORE CANOPY BEFORE 100KP~~
SERIAL NO. _'*:~

TEMP'I'( OF

10.1

evI-

A~~~~~tCo .4~t~ OI ~~
'N~~~0 AV- U, .Vv



V ',-.-.

POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 M*P*H. TEST
SERIAL NO._ZsO)?4-I
TEMP. "10 OF

HUMIDý64-

C44

AvRAE OOSTY L '. C)DAE_____

WADCffl52~5 -__________ S Y j±A



POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 M.P.H. T2ST

o-1.1Y Iv~s.L9

v~nrwm~2a4 .,I



HUMIDOgrI %

DATE 80,0~
76 n'______

".7 &B's 7-.8 5-9 l).3-77-



POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 NaPH. TEST

SERIAL NO. 30t4
TEMP._q OF

8815 O0.1 80. F30. 0

WADO~~~r - B

I ON 
18.



POROSITY MEASUREMENTS 30 GORE CANOPY BEFO0RE 100 LjPm1 L TEST
SERIAL NO. Z550-4.5
TEMP.-la. _F

e0 80.0W/I

silt__ 60011486

'78.8G5, 856boo 0-4- 198.
80.0

9V 5.8G 10OSTY-7E

aY5_.7__s.__
7hlT~~ 8&_________

-z 0s 11 8 0-a--*z-



- ----r-ý:,:O X

PROSITY MEASU1REMENTS 30 GORE CANOPY BEFORE 100 M P

TEMPDAOF

BY___________

C4177o9k. -1 a



POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 MoPe.H TEST
SERIAL NO. 3!50 L;ý14'1

TEMP. 80 -

HUMID.VlI %

E;I
II*Z~fi 1011.6

MG. 0

3.7 '7.0 68.
AVRAEPOO9T 3.C) DATE __14.____

'71____'17__z

lYADC 91. 2-510. 0 0 55s 4-



POROSITY MEASUREMENTS 30 GORE CANOPY 32F0BE 100 HoPeH, TEST
SERIAL NO. 350 P-A-6
TEMP.'9 OF

HUMID:. ýL%

94-17



POROSITY MEASUREMENTS 30 GORE CANOPY BEPRE 100 M.P.H.
SERIAL NO.,-Sc;(5o ZA-49
TEMP._83Q OF

F HUMID.B5 0/c,

lo8.

AVERGE PROSIY DAE _________

9(0 t5V

39.4-Ra~



POROSITY MEASUREMENTS 30 GORE CANOPY BEFORE 100 X*P.MX TEST
SERIAL NO. Z5oltzC)
TEMP. I:F

98.9

AVER GE OROITY ~ DAE _ ___ __0__4

~~SO M. Alt. -



POROSITY MEASUREMENTS 24 GORE CANOPY AlTE 100 XF.P. H
SERIAL NO. 350201-

TEMP. ~7/ *F

HUMID36 -

AdeRAGI~~~. PO/SIT 116.DA1 /- -

1"5________

1179_ ____f f. ---



AFEf0 N .H
POROSITY MEASUREMENTS 24 GORE CANOPY ATR10MPH

SERIAL N'O.35'OZ2O2---

TEMP. '70- F

HUMIP 3T8%

//7 0

10.

AJERAGE ~ ~ ~ 77 /07/Y'/00DAE_______

9-To 71 129t114.



POROSITY MEASUREMENTS 24 GORE CANOPY Arl-R 100 K.,P.H.
SERIAL NO.35003- -

TEMP.'7Z *F

HUMID462 %/

8598z /6478~4

958

Aif~~~~R4G~~9 aOOIY /00,XDT /2 5

85.9 95. a/ z Y Ž

85.9.90.- 84 1O5 t".f 94- 0/4

10-4 
-3



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 100 N.P.H.

SERIAL NO.35Z020 *

TEMP. 7*- *F

~/4~$/3~992.

AV.

w~a al

A~kPOOSTY 9~7 ~l ___/___

87 BY4V?185.9 0 9a



POROSITY MEASUREMENTS 24 GORE CANOPY Ai?,R 100 .P.M.
SERIAL NO. .Oqo2

TEMP 7Q• F
i ~HUMIOD.3_ _%

611,#.

V IM5
I AIIR A &~ P O~ O I~ ys / 0 , 3 O A T //- /. .
S/AE 97/ 9

//Z~C 6"4.

,00.



POROSITY MEASUREMENTS 24 GORE CANOPY ATrW 100 -----H -

SERIAL O3gq.----

HUMID30 %

111.

958 7 -8A //1 - l f 16

776 9z. 6~



POROSITY MEASUREMENTS 24 GORE CANOPY AFMh 1oO X~.1SERIAL NO, 3M&0~7

TEMP 7/ -

I4UMIDJ8 ~

90.4:

78 C65t 41
4'L~AO7 95.7I~ J41

77 Z4



POROSITY MEASUREMENTS 24 GORE CANOPY ATr= 100 L.P.H.
SERIAL NO. 35fO0O8

TEM -7,- -F

HUMID -5%

%%847

AI~RG~ OROITYDAT70.9-5

V~nO 73. 5247 S2 7y~*



POROSITY MEASUREMENTS 24 GORE CANOPY An=R 360 No .I.
SERIAL NO. 3.-POP09

9~83. 
M75 ~

me /0a. a/f

87/ 89 //2 1170 99 7/

AILRAGLa 0RST 795DT /-O
776~~~~m 1A6kOL V 7-1



POROSITY MEASUREMENTS 24 GORE CANOPY ATR 100 M.FH.
SERIAL NO. 350,Z1O

TEMP. 7f- OF

HUMID 40

915. 89-4 /07/

v~pq~82* 93. my11,6



POROSITY MEASUREMENTS 24 GORE CANsOPY A~nfl 100 WP.M.
SERIAL NO. 3.5OZ1/

TEMP 7& *F

HUMID 4-0-%~

1/6. 7 gag. .4 /050

103.5

W - 4 1 4. j r

// 7 /7

"40 7

A4LRAG ~ ~ ~ ~ ~ ~ 06 POOrYIDIDT /3i

/odji



POROSITY MEASUREMENTS 24 GORE CANOPY_ AFTEIR l00 N P't

mu MID/ 2, 76

84. 99 8

//7.0 
776

9:.6 *1. 9 ./9Z 6

/I.
PO R O SIT' 

9 1 J ,O 
A ~



POROSITY MEASUREMENTS 24 GORE CANOPY AIR100 N. P.KH.

SERIAL NO, ,5ZJ.

TEMP *

HUMID 35 %

0AD 93 get'i 9



POROSITY MEASUREMENTS 24 GORE CANOPY Af~Rlhoo M.P.H.

SERIAL NO.~V4

TEMP 70 *

89' 4t 894- 8979

IZ



..Ff. '..r. T . , 4 GORE CANOPY AFTER 100 M.P.H.

SERIALm 50~.
sE, MIL ,35 .... 3 0. 2

Z5

* I .

// 70

90.9 059 9014117,0 * 95 . 0

85, 9 9.9

0. 0 116.1 , 1163 8t/.1

ie 9608 , "/ .,/071/

//40 7

/08.0 80.0 /07/

.94/7 /00 64

I96.6 103.3

I3 /06, 9 /00,7 89.4

/06.2 /08,0:,
9N9 7.7 9Z,6 998 90,4

/0/69/576'8 ~85.9,

/053 76.6 /I0.oIO0, I 03,5

/03" 90.4- 96.8 ,

.= T 52-57 0/, 9



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 100 M.P.H.
A SERIAL NO. 350,--16

TtU 4P. /'*F

HUMID 4?%

10.4

859s AeV



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 100 M.P.H.

SERIAL NO. 3O/

TEMP. OtF*

HUMID 4-0 %

80.0 9680

76.8 90.044 -/

*~ '90#8\/

\4 8794 -

X 
800 /06.0

844174

I& 7d



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 100 V14P.R.

SERIAL NO

TEMP._70 OF~

HUMID 30 %

%%76- 76.4
I:-4

A/~~~RA696L POOSTY 90. /-/4-

LY~.~-.764 101 Y-8



POROSITY MEASUREMENTS 24 GORE CANOPY Alwpu 109 all.H-1
SERIAL NO. 35OZ19 -

TEMP-70 OF

HUMID 3

-~~ ~ ~ -- /--9 /m 9e

9588

10SLY 6 7  OLD 596 8.11

.91 -- 
93



POROSITYMEASUREMENTS 24 GORE CANOPY AFTE9R 100 M. P.H

SERIAL NO. 3f0~ Z 0-

TEMP. 7z OF

98.7 //0.7

921RAG 9OO.7Y 96.8 998________

104-- 904 92..57 115.Zi4

93.7~~ 11. 94 
68 140 .



POROSITY ME.ASUREMENTS 24 C60RE CANOPY AflTX 100 N.PR
SERIAL NO. j5,opt/- - -

TEMP. 74 O
r HUMID -3-1-%

89484 04

89.+ -9+~.7 7y 4,4,

W5,



POPOSITY MEASUREMENTS 24 GORE CANOPY APXR 1QQ M.P.H.
SERIAL NO. i55OeZ---

STEMP.-75 *

HUMID fo %

MIS

AVEA / POOSTY 3/5 r 9AT.8

92.6 109.



POROSITY MEASUREMENTS 24 GORE CANOPY Anu 100 N. .H..
SERIAL NO. 35OZZ3

TEMP. 70 OF

IZ
/00L.7

V~flO~5~X.7 1016 --%a'j



POROSITY MEASUREMENTS 24 GORE CANOPY AMRf 100 M4.tH.
SERIAL NO.,35ý-L)C4!
TEMP.10*

WADC~~/ At 44.7 y 4



POROSITY MEASUREMENTS 24 GOR~E CANOPA N
SERIAL NO. -30aP. .H

TEMP. ?4. F

HUMID.IZj

a_ 7.

AVER80. POOSTY .3.

9z. W- 7j.-' 0

- - -- - L - - - - * ~- - - --
5 6- 

-



POROSITY MEASUREMENTS 24 GORE CANOPY AFME 100 M.P.H.

SERIAL NO, 350?-A-

TEMP. 74- *F

HUI47-

AILRG& PROSIY 989 DAE /99-SZ
1 84 10..P

60.0 958

835 -79 /.P'S



POROSITY MEASUREMENTS 24 GORE CANOPY ATrM 100 N. P.M.
SERIAL NO. Jf? - - -

TEMP72O

8t.4-

80.083.5 101,

M3 84t7 9I.

95 9 o
50.46 PORSIT ZDATEZ.

63.5y 'e4



POROSITY MEASUREMENTS 24 GORE CANOPY APrM 100 N.I.H.-

SERIAL NO. 5 6

TEMP.7 *

MR 7 94.7 84,7 M-





-PQROSIr'y MEA$AKf-(MNr3S .,4 GORE CANOPY AFTER 100 14.P. H.
SERIAt N"0. 3504o_3

TEMP 70 OF

HUMID E!4- %

/ 0

9 \ 9 7 9 S0 4~\

979\ .

.7 ,, 937 /0355w.0

/00.7 l , 0, 1,6 9. 9

859/1051j'. -90 4•~ .-.. 4c 8 7/
A ~s'\ \ j:.:j \. I .. i#i9'86.3

9955

81 & 8. 9,00.9 70,""'-.,.., I ,u 0 4 •",

IT '" ".6»7..8 ,.

Woe/

,1351 i9,7 M3
, -. \ I \" ,60.0

9. 3 800/1 98 ~ 746.4

64L 47 96.

i4 K
ID C . , .a , 7 .3 . ....3 A.



JPORýO;SITY MEASUREMENTS 30 GORE CANOPY ATR10NPN

HUMIOV~ 2Qpo

8f 7 si&

lo

ZI
87./ -9.7 90. 96.b
Vz. 5 7

AVERAGE ~~~6 3Oo~ y 88.9 0A ___ ___ __

1446 1648_ __ __



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 100 M. P.H.
SERIAL NO. Q 7 -- I
TEMP.g I hi
HUMID~jcL-?p

7 1111 .6 99



( POROSITY MEASUREMENTS 30 GORE CANOPY ATrM 100 M.P-H.

SERIAL NO.35~ -33

TEMP.Zf-af.

HUMI~)-WP

9,?. 6

L.4.- 3.



IM,

POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 100 M. P.H.

SERIAL NO. 3,50,?Jf-
TEMP.KWF

HUMlDg-aj%

7
92. 6 90.4 98.9

60 M. IT 
96.8 9A a

Q? 6
/O.J 101.6 98.9

106, Z
101.6

AQZ.5 2ý6 96.9 9 .7
1053

W.

90.4 
95.8 -93.7

.7
93.94,7 .5 98.9

910.4. 989
0 98.9 979

83-. J9 /0/9 .6

94-,7 9(9--9 9/5/00.7 979 96.6 101, ZA
w

0 J 1071
97 971

979 7

83:99 

94.7 90.4 91 -T

/445 /07/ 979 97.9 979 100.5 110 958

d".5 979 87/

100.7
94.7

/00,7 1,94.4

/07/

96.9

1053 tol. 6 Iff 6

96-81 /044

AVERAGE POROSITY .9 9. 0 DATE

BY,
I W= TR 1-17



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 100 M.P.H.
SERIAL NO. 350)235
TEMP.~r&Q:F

HUMIOýý?Z%

IJ

93.7 IA& 91F 90 98 6

Ao 5 AML

AVERlot PORS1T IRA9 zAE(~

DY .ýA
tVfl 6'

~ ~o 46 -----------



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 100 M. P.H.
SERIAL NO. Aso,-';Jr

TMP.LVYF
HUMIQ-)Lý%

694 9 9J1o..90 4 83-v N.N

* AVRAGEPOROITY 00. DAT ____8_9-4_

9-19.9~~D h-4 11 9.

919



,POROSITY MEASUREMENTS 30 GORE CANOPY AFTE 100 M. P.H.
SERIAL NO. 350237--
TEMRZ6'1-ef

HUMIozd

let .. 8 S915 9 41o

/07.//00- 90-3 /al 93.

AVERAG POOIY03/7 AE_______

WA9C 9 103i 101 93

95. 9. 917



POROSITY MEASUREMENTS 30 GORE CANOPY AFTE 100 N.PF.H.

SERIAL NO. )2[

TEMPjO(JF

8*799 70 f.6 9i 87./ 19Y i.

7. 1& ..5 ýA- N o69.

91.5 7



PORSIT MASUEMETS 30 GORE CANOPY AFMl 100 N.I.H.

SERIAL NO. 3500-35:'
TE M PK-dtF

Llof 9



POROSITY MEASUREMENTrS 30 GORE CANOPY AI 0 .vH

SERIALNO3 2 0

HUMIDýKQZL_
.43

90"t-

77 t; 7 7.K 9
th 76 .4 9 .719

W.4i

90 .4-



POROSITY MEASUREMENTS 30 GORE CANOPY ArM 100 14. P.MH.

SERIAL NO 3O!2ýZ*1
TEMPZ,6:QF

HUMI11

8t.4 87

AVRAEPQO~T 5. 979______

WADG T~2-47



POROSITY MEASUREMENTS 30 GORE CANOPY AMTR. 100 K,.PJ.H
SERIAL NO. -15Or-L4-;-
TEMPner

HUMIDjfQ:%

#)Z I
76-4I

~9.# /053 ~ 64 /00.7 7

AV4AG POROSITV 713DT ______

5119. 94-.7

776 .



POROSITY MEASUREMENTS 30 GORE CANOPY AMR 100 M. P. H.

SERIAL NO. 350e 4-5

HUMIt~6OQV 80 V
979 ~ ~ ~ ~ 8, 894AL~~~~7~5 6A~7

644- 774

7646177,;769.

91,3
AV OA9T4s. e39_9 7,

£~Ao~ P~O66.7

91 INyf/
88,k~hbi

A~. .L ~,ki~.~k~i~E93r~I



POROSITY MEASUREMENTS 30 GORE CANOPY AVTZR 100 K. P.H1.

SERIAL NO.

HUMID

"Iq 7
di

47 I-I
AVNAEPOOSTi VE DTEi63.



POROSITY MEASUREMENTS 30 GORE CANOPY AFTZR 100 N.P-L

SERIAL NO. 35024 5--
TEMP,'Y&LF

76. a

69.9
947 ^7

76i

AV~AE O~SI~e9.776TEI

V~f4C SPA* /,__________ 7~__

- - aA

. -.,L.,#>,..~&ikiZI.... ..p~ly/ A



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 100 M. P.H.

SERIAL NO.,35024-6__
TEMP,71:80*QF

HUM I~fQ,

//0.7 ~ ~ ~ 9 to 78. ?. /Z 067

0-114

I~ ~ ~ ~ ~ ~ ~ 04 90R.,fRSTY8. D~ -65
I _ __ _ _ N15

764-937 -T M -.6 9i 499

~1~*~776
~~~9 . 1ý19 or A.~~L&4~.4~~.hMIILAA ~k~M.&



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 100 M.P.H.
SERIAL NO. Z$50 4 7

TEMP.23QF
HUMIDOS

5.

91.5 116. 1044-I

676 IT. 4

AVERAG P003q 1A1.6

93. 75/5 .824



POROSITY MEASUREMENTS 30 GORE CANOPY AF'TXR 100 M. P.H.

SERIAL NO. ~)/'

TEMP. -ýil*F

HUMIQ,.5'L-l!

94. /4-6 96-855ý

867/

87/ P.7 94

.9 8*.

AVERGE PROSIY 
DAE _____748_

94.7 a/. ý 83.5/03. 96.8

579 
676.6 _______



POROSITY MEASUREMENTS 30 GORE CANOPY ArT3 100 M. P.H.
SERIAL NO.,55024-9
TEMP2 F - [

IUI~bW

979 .

.7i

VA99. 94 poll y_ __ _

90.44

96.8..-9,...9.



POROSITY MEASUREMENTS 30 GORE CANOPY APMK 100 N-.PH.

SERIAL N0.35'OZ tiO
TEMP.0-

HUMICIq:o?ý

/0. 958 -a/

9-f v

106. Z



POROSITY WMEAZ04UREMENTS 24 GORE CANOPY Arm 150 1111F.H.
SERIAL NO. 3NOZ,04

TEMP.-6e *F

HUMID 1,6-%

al
76 e5 9

at& 
est 7

1053
e7l

1044 - 106. Z
094

101.6 859 85-9
6W.3 904

.7 /080 847 89le 94 7 764-

915

/007 7/ _r -9,P 6
84,7 .7 .9

,A?7/

676
57/69.0 /044t

672 .7 *7 V. 6
9/5 915

W, 6 W. 7 730
/00, 7.6. e? C6.7 98-9

4 93.7 122.* 74 a

loe. 9

AVILRAGIL POROSITY /048 
DA T E

my



POROSITY MEASUREMENTS 24 GORE CANOPY AlTER 150 N.I.H.

SERIAL NO. .;=Q52' LQ -- -

a TEMP. '/L *F

HUMID %~

0. - I4 -~ 4



I~~ ~~ ~~~~ - ' m ~ -m ~ r ~ - ,........ -. .

* POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 150 N. P.H1.
SERIAL NO..Jjoe/6
TEMP. 66 OF

//79 1147

7 1 15 /

1224

/OAF. 120F
LYLNA9 1,oiy ZIA. 9 DATE I2/ S.

.MA~ut ii6 y//79



POROSITY MEASUREMENTS 24 GORE CANOPY A7TZR 150 M.P.H.
SERIAL NO. 3-50Zt --

TEMP. 78 1
HUMID Z9 %'

4.i

AVLRAGI/07 108OITY /9/ 1AE______

WADO1 /i 1051



POROSITY MEASUREMENTS 24 GORE CANOPY AFTZR 150 K.P.H.F SERIAL NO. _110g ...
TEMP. ?e OF

/X7 //17 76.4

SV 904 786.8 .99.4 B.I

AVLRASL~~~~~ae POOIY09. AE2e$
O~5AJY7



[POROSITY MEASUREMENTS 30 GORE CANOPY ATR~0MPH
SERIAL N.~;/-

TEMP~jýýe4)*

HUMI~p:ýI

-~64 
7e 6 -I



POO~ryMEASUREMENTS 30 GO~RE CANOPY Ar FH
SERIAL NO, 36*0235
TEMPg~vf

76y 9IZ:: 791 .. ~'~-XJ~t4~ I~t ~.,4..hAtean ~$~4~M4W~ W*.4b



POOSTYME SUE NT 30 GORE CANOPY AFWX 150 K, P.Ilo -

HUMIk6-o~O

kvI
S 3\ 1 .

11414e 11 a '&

- ~ -9,9



--Ir_ __ _

POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 150 M.P.H.

SERIAL NO.ffffp3ý? -

TEMR-y:QPOF

HUMID.10~I

'4/

'0~

...........



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 150 N.P.H.
SERIAL NO. JT024Z

* ~TEMP4V-&P

HUMID5,9-rL6/

76.4

V.4.

AVERAGE~~7d 4dOIY6~7DT



S~rI .,.MORO

POR0~ TY MEASUREMENTS 30 GORE CANOPY ATrM 150 K. P. H.
SEPIAL NO. 350e43-
T E MP.*r:WF

HUMIDW-

evi

676 57

87/

7? z
-93.7

AVERAE POOSIT t950 DAE 3Woe.'

66O'5..51 7Y~,64 ~

.1 -J



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 150 M.P'.H.

SERIAL N0.ffQZ46
TEMPW-afF

HUMIDO.Z%

90If
87 4

AVERO~ PROSIY 8.9 OTE 33-6

VADO 52~57 DY9940

.7 863 ej



________________________________________________________________

*1
POROSITY MEASUREMENTS 30 GORE CANOF Y AFTER 150 N.I.H.
SERIAL NO. 35O�4 7

HUM ID&�'.

AVERAGE POROSITY 8i�. 4 DATE ___________

WADC � my_______



ii% #4Mn4';,1 ;N11001~'g4 ... 4~. -. -. . . i

POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 150 N.I.H.
SERIAL NO,. :55).P>/)
TEMP251-VF

HUM ll), J-b f.-

_ 4o
77//

AVCAI O R tT 98aOT ______my4K6.41

q~44

-~/7 87/-.I -~...



POROSITY MEAUREMENTS 30 GORE CANOPY APYZ 150 N.I.H.-
SERIAL NO. --

TEMP.F

HUMID4j&?g%

V/

AVE9A9 1OOSTY03.5 3
764-____



POROSITY MEASUREMENTS 24 GORE CANOPY ATZK) 200 M4 .P. -.

SERIALNO 02)

HUMIDjq

/07

143ý1?

A06



POROSITY MEASUREMENTS 24 GORE CANOPY AFlER 200 N. P-H.

SERIAL NO.

TEMP~.VQ:

HUMID4%,1

AVERAO ~ ~ %% POOIY.6 . AE~~.

7. 0- 0

90.6f X01 
7(557



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 200 M. P.H. I
SERIAL NO. 35.0203
T E MP.

HUMIDý-

76.

8 0.0 o? 00/2 0-7. 0-

989.4
/V00A7 1OOIT0-4 AY~S?4.7



POROSITY MEASUREMENTS 24 GORE CANOPY ATrM 200 N.I.H.
SERIAL No. Z35OZo4- -

TEMP.~Q

HUM104Q-32%

10'. 130. DZ4hJ/15

loci.&



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 200 M.P.H.

SERIAL N,~Q0

TEMP.ZL8t

HUMID.SZ.V2

97'i11 96i fl7

1

lVRG Qo SITY O4.0 oAT.4 95AY 110.7

97.1 96.a



PýOROSITY MEASUREMENTS 24 GORE CANOPY AFT'ER 200 M.P.H.
SERIAL. NO. 350206 --

TEMP. Zf- F

1Z9710.4 114-

113.4117.

109.8108.0

104.4 Oct.I
izA 12 1,

116RAG PO3SIT 11 94.5 la 5M YI
113.y 8.)Z



POROSITY MFASUREMENTS 24 GORE______AFTE_200_.P.H

SERIAL NO. 35 0 20 7
TEMP.ýO--

HUMIDYjo --7

bl

8.1AL 5'00. Z55
10 . 0 .

85.3

I IZ4W.2



"" --.. YYi'¶ .,.. VI~ "" wr""'12.._ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _IPOROSITY MEASUREMENTS 24 GORE CANOPY AFMER 200 .P.H.

SERIAL NO. 350 20 _

TEMP.J5ýQ*F

ij

: •6.B Z.96' 9

76.. 

,o, 

,..5

1 1.6 "WA

"". 767-. 0 .

76,

:--'. ,vE6.E 0 ,s, 8-7 ..1oZMY '11



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 200) M. PJ.H
SERIAL NO. 3,5)20Z9--

T EM P.ff-V F

HUMID.,O.%o

7.1C 84.7 - 114.7 1my__

9..Ia 
1.9 ,57 ..4 1 -.



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 200 M. P.H.
SERIAL NO. ffffO2/O -

S TEMP. Z5[-fF
HUMIDO-7e

94f 4
8X~I5%98-4 1 9.610.

10.



POROSITY MEASUREMENTS 24 GORE CANOPY ARIA 9" X. P. H.
SERIAL NO. 350211
TEMP.DEWY,

HUMID.4O-?jV

1-R7E~RSY 082.8 DAT 6. ,1AY1691509.

10,5. 102 115 11. [0



POROSITY MEASUREMENTS 24 GORE CANOPY Ahr 200 I. P.R.

SERIAL NO..J•_2.LZ___

TEMP.R_$__F,

HUMID5O-9^%

94-7

AVRS POO.T' •i. . oZAY95
95. 104.1~

00 90- 93798. &3 0.

9-. "8IZAs ot 5 s9048. 1- 0 .7 8 \ 1
""1a a 8, . 3/

10 . 116. 1 u o•.s ,

~~1 5 1.17.9_' ,•
lza, 91. cls

gl" 989 |



POROSITY MEASUREMENTS 24 fORE CANOPY -AP1r 200 M4.P. H.
SERIAL NO. 35Z LJso

HUM ID5iýO-,%K

p9

AVIAGEPOoSIY'9 1.4 ASI A15

4- U YLc11 .711-



POROSITY MEASUREMENTS 24 GORE CANOPY AMER 200 H. P
SERIAL NO. A35q.&l4 -4

TEMP.2F.ja0*F

HUMI DSO-,7 Y

LIZ?- 88.J



POROSITY MEASUREMENTS 24 GORE CANOPY APRm 200 N. P. H.
SERIAL NO. 3S6015

'TEMP.!7"F

HUMIS70.I
H Au,, '-!_O.-_ . .----.

• o•/ 't~7.---991 117.0

48..9 83.5 94

5.9 84.7 .7

1. 15. 101.6 90.0 -95-

112.S o. 10 .

AVRAE OR101'9 . 6 103TE 8 .3,•• 109. 8hi

108.9~~. 10.37 f.



POROSITY MEASUREMENTS 24 GORE CANOPY AflU 200 N.I.H.
SERIAL NO. 3S'0/6 --

TEMP.25W

HUMIDOs-%

#706

Ine

/16. /0620 /tile /&V. /&. /6

I47
//ZO

AV1116ORSIY /4016 1?ATE7 20 Z.5 R6.



POROSITY MEASUREMENTS £4 QORE CANOPY APMU 200 X.P.H.
SERIAL NO. . - -. -

TEMP. 4;E&LtF

HUMIDjq-7ja

76.44 10629B

Io- no 8.

AV~~R8z POOSTY 9O.

WADO. 8Z.1~



POROSITY MEASUREMENTS 24 GORE CANOPY ArM 200 H.P.H.

SERIAL NO. _AkO

TEMP,23:-W*F

HUMIDa-06

7 4
6.

94.1 . 17.6 17.6

78.3 76-14 9 z-6 94.1 11.6

.4 99.8 0.1 7.1 93-0794.7 1.6 85.9 93.7
115.2 84"q ?-.4 96.8

85.9 8 Z,,g li.s 92.6 85.9
96.8 9809

'74-4 8 r.,q 92.6 ZA 105.3
sei-1391.5

91.5 9 8.9
76. 85.9

9?..6L 6 7. 1? oA 0.1 101.6

77.6 110-7 109. 181

98.9'7 6 A 106.2
96.5

8,9A go-A

88.3 93.7 93-7
a 4

AVERAGE POROSITY 90.5 DATE IMAY 1951
BY_ L -D, --

Ta



POOIYMEASUREMENTS 24GR AOY AMER 200 H.P.H.
SERIAL NO. 35021L

HUMID.ýS-ý

91'

9 3 .7A G 8OR O IT Y 9 Z .4- 9 . 1 5 9 A E J~ 9Z.6

10- 9529 1-582



POROSITI MEASUREMENTS 24 GORE CANOPY ArTif 200 N.P.o.
SERIAL NO. 3350220
TEMPf5:WF
HUMID,;o-i%1

'85.9// 88.3
1o,90 4 9 ".780.

0.14 90.1
o Z.5 85. 9"4.7 z

98 o108.9 94-94.7 85.9 106.2

II / .2..II

115,2

115.2 91. /
107.1/ t-

76A

,•, I / 98.9l 67-1 / -----
b9"4 120.6

115. ,110 .7

AVERAGE POROSITY9,3 DATE3 Ky_19!5 1

LWAD 2-&5 my L6.-



POROSITY MEASUREMENTS 24 GORE C~ANOPY AFTER 200 . P.H.
SERIAl... NO. 3.50MZ~

TEM P/zýr..e:F

H UM I D t

104

100.7

AVRAE ORSIY'93.5 AEMA15

0AD RLDN



POROSITY MEASUREMENTS 24 GORE CANOPY AMR 200 M.P.H.

SERIAL NO. _5C'.?Z

TEMP.•6"-OF

HUMID.2.&

10 \ /06•.o 14/5.3

/0//o 0.3 /061 - /.

/ \ 96.4

"' II

1\. 1919 /8 --- =-4--- y ,)Y

997,

AVERAGE PROSITY, /I 3" O-'ATE ,. ? 2//0 7 - A005.7 1-0 7& 6 .7

107 89 9



POROSITY MEASUREMENTS 24 GORE CANOPY AP"ER 200 N.P.H.
SERIAL NO. 35o0 a 3
TEMP"Z-,"E-&F

HUMIDk..jq:

81.416.8 1 1.

3.78.7 7.6

103.5A

c7 3..58 3.
91.518. 1. 1. 2 769 .

V 81- 84. o13.s \

9 , 88

3..

AvERAG POROSITY' 9Z•.i DATE..8 M J~y
W00 .7 52-57 17. 10 L.1

II5,•, 9.,7



POROSITY MEASUREMENTS 2 OECNP
SERIAL NO. j3~5Od ow
TEMP.7-a_

HUMIDfoqý/

AVLRA L POR SITY10 62. 9-9 .6 ~1 y 5



POROSITY MEASUREMENTS 24 GORE CANOPY A7FM 200 M.P.H.
SERIAL NO. O5

TEMP. j.f&j

HUMIDa-f7,?Z

AVEA0 PO.STY 97.8 DATE 4 A I

112,5 10. 8AR



POROSITY MEASUREMENTS 24 GORE CANOPY AFTER 200 M.P.H.
SERIAL NO. 35o0aZ
TEMP,;ZS_..F

HUMID D _.4W2o

lo?-.s '1. '16.
96.ti 3.7 7o.0 -1

14 66 -3 98 .9.

1 .5 88.3 87. I0 1.6 8 0.

,.. lOB,7 9 1 7

10.4 0.
.• :j.•,1"6100.7.

AVERAGE POROSITY oDATE" MAY I1115 1
VAW- TR 5P51 1 y

I" --



PIONEER PARACHUTE Co., INC. Appendix "C"MANCHESTER, CONN, P age 175
POROSITY MEASUREMENTS 24 GORE CANOPY AFTE 200 M.P.H.
SERIAL NO. 950O22

TEMP.W-WF

HUMI DSO3ýV.

9Z.

17.6 175



PO R Oý;S TY MEASU:RE:MENTS 24 GORE %ANO~byAR20 PHSERIAL NO. 3T5-022e A- M Reoi
TEMPZj&t

HUMID5jb-Z~j

&20 /O83.5

le4 91,597-987/ 0i4
AVE7A4- 998TY ~ 

ATE 2* -y

1 .7



hpTm
24 Goat CANOPY

UltElAENTS'll''''Iýýýýýýýýýýýýýýýýýýýýýlliii,,Illllý11111ýýýýlýýýlý1111ýýýýlýlý111111,11,11111,11ýýýl'''.!ýýý
poftoSi-T-y MEAS!ý,.ýý

SSajAL NO.

TEMP. g:adff
ZI rA I

13,d. 7
d4.7

84.7 90.4 64.7 .78IR 89,4

77. e 7 059 84 7 815.0 (9-:ý 7 97-9

/06.2 847 '90.4 6-4-7

91Y. le

104. 79-a

e&.5 7, 03.9 85-9

104,5e ad. 7 .19
gc).4

d 7.
66-9

S9.4
so...

90.9LL5.'
0151.

93.7 s

9S. 7 go-40

AVERAOL poposily S,7.4



m1

POROSITY MEASUREMENTS 24 GORE CANOPY AE 200 -. _.E.

SERIAL NO. •.9_0_Q __

TEMP.I_-WF

HUMIDQO-"e

I1 8o.3 1 1 . 10,0

AVERAG POROSTY99.7

--- 9 7-- -- 07 ,1- -. 1'-l----- 
---

117. 112.6 1-,- 9a 0421L 0 -7 06 o .,

cl 9.76 91.5,

85.9 3. 9,.1 78.8

76488.3 4.
• 86.3 8=,4 •l q6.4



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 200 N. P.H.
SERIAL NO. 3 5QP3/
TEMP.V'P (F

HUMIDJýL~y

SISO

76.4

.94.'P ~7 1079



- -

POROSITY MEASUREMENTS 30 GORE CANOPY AFPt 200 N.P,H.

SERIAL NO. 350,e35
TEMP.M.edF

HUM IDý):f&

/¢ I
V9-.

.96.8 77 6

AVERAGE POROSITY! 855 DATE /" --

W=D r,2- 7 TH ISO



POROSITY MEASUREMENTS 30 GORE CANOPY AMTR 200 M. P.H.
SERIAL NO. 5f~e P,8 -

TEMP~jC-F

HUMIDXQ.2r

98.

AVERAE POOSIT 87.9DA9
_ _ _ _ _ _ _ _ 1~1WV56.



POROSITY ME.ASUREMENTS 30 GORE CANOPY APMR 200 M.P. H.SERIAL NO. 3-6023.9
TEMP.a.:F
HUMIOs(.2

lot

3(AAD

%""~~~t1 
...... 

...



I POROSITY MEA-01UREMENTS 3C GORE CANOPY AFWM 200 M4.P.H.
SERIAL NO. Tel 0-1,

LI TEMP. Z.Cf~f

SIX

9.9

AVERAGE9Z 6OO~Y8- AEj30s

W~aLM~~z - - __ _ _ _ _



POROSITY MEASUREM~ENTS 30 GORE CANOPY AITIR 200 M P4.K.
SERIAL NO. 350ZAY
TEMP.V:-.pF

7644



POROSITY MEASURtEMENTS 30 GORE CANOPY AFTER 200 M.P.Hi.
"SERIAL NO._.55O4-6
TEMP.V--eF

HUMIDJQ.,Vo

:-7

9?./0. ' 7

.3- 1111 8Z •,. 4

7(7!

95.v 947
I Wd 0~

!VF.RAGE POROSITY 8.9 8 DATE _-_/_____

W R &9



POROSITY MEASUJREMENTS 30 GORE CANOPY AFTER 200 M.P.H.
SERIAL NO..;jfQ147 --

TEMP24.8

V..

V0.7

AVER776 POO7Y'6.0DAE_6____

Vhfl~.6

.K]



POROSITY MEASUREMENTS 30 GORE CANOPY AFTER 200 M.P.H.
SERIAL NO. ,¶5r4.,
T EMPRV..F

HUMIQDi07)N

AVERAGE POROSITY 9 9. • 
DATE .3-20-5/

I .,

91.1



POROSITY MEASUREMENTS 30 GORE CANOPY AFTUR 200 N. P.H.
SERIAL NO. 350Z 5

TEMP.2ýW

HUI&t

979

9z. 6

77 9

C'3.27 -
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WHIRLiIN TSOWER TESTS

jFCTION I - GENERAL.

1. WHIRLING TOWER: "his testing device is described
In m-ora n umr-Wirtb EXr'-N-54-b'(0-30Al and ENO-M-54-
670-44H titled PARACHUTE TEST TOWER". In operation,
It whirls a .teel dummy fitted with a LindqulatL-Ryan
tenslometer aromud in a 200 ,4t. diameter circle. The
parachute 13 mounted In a pack on the dunny from which
it may be released at the operator's will. It 13 cap-
able of accelerating a 250 lb. load to speeds above
?0) MPH. The canopy risers are connected to a sliding
rmemuber that Is attached to one end or the tenalometer
so that any f._rce on the risers will be recorded on tne
film or the tenslomteter. 4000 lb. and 10,000 lb. springs
are used In the tenslometer. The tensiometer was rocal- I
Ibrated each time the springs were changed.

SECTION II - Mk*HOD OF TE&TINO

1. i EQJUENVE OF TEST OPERATIONS: The chutes were at-
tached t-othe 0towF adumm (,T4Fe-FIgur*e 4, Page 215.)

Sand were then rotated until the des1gnated launching
speed was reached. The rip cord was pulled at a pre-
determined instant co that the chute opened at the
p,•oper position with respect to wind velocity and dir-
ection, speed of dummy and ideal point of observation.
After the chute had opened aurd had brought the dummy
to rest, the elongation of the lines was measured and
recorded. Any broken lines, canopy damages or general
malfunctions were recorded and the chute then folded
and brought to the plant for complete inspection. The
tensiometer film was then removed from the tenslome-
ter and the film data r*corded. Pertinent data, such
as wind direction and velocity, barometric pressure,
temperature and relative humidity were also recorded.
The canopies and lines were carefully inspected after
each teot to determine the cause and extent of damage.

SECTION III - TEST RESULTS

1. DROP TEST DATA: The information gathered during the
whir•-g t--er-i-esta is listed and swutmerized on the
drop test reports, Pages 194 to 203. Such factors a3
wind velocity, direction, eto., of minor importance in
the final analysis of the tests have been purposely
omitted.
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WHIRLING TOWFJ• TER.TJ

SECTION III - TEST RESUITS (COHVrD)

2. VVALU• T•N OF DATA: The principal conslderationa
in s gthe dar we• ti,eir affect on the perform-
ance of the line. The relation of these data to trpe
ut canopy and deployment were secondary but, highly in-
formative. The moat Ilmportint data from the project
were the shock loads registered for eftch canopy opetnin.

These loads midy be used directly to evaluate a line's
abillty to absorb Impact forces, The static line test
reaults were compared to the drop test renulta and a
direct relationship wasr noted. in cases where a cano-
py suffered several line attachmint failures, the re-
corded luads were counted and used In the final results.
The lines, of course, wqre not counted za falluros be-
e.ause atrerngth of 11tie exceeded strength of attachoent.
Other tests in wllch tite lines did break, and thus ltm-
ited the oe*nlnd to a load less than average, were cqjun-
ted beca•'s they were typical of the nuxilmum loads the
lines would atand. Porosity effect la explained In
Appendix 'C" .

3. FERMANET-r, ET 1EA43UREMENTS: The permanent set mea-
surenents made after each to-wr test Were used to deter-
mlne the recovery rate of the various lines. No exact
period of tiue was set for these measurements. They
were neaýxured aa soon as possible after the dummy was
brought to rest after the canopy opening. These mea-
surements were an Indicatton of the stress placed on the
lines. It was found that the lines recovered almost
1009 by the time they were repacked for re-use. 4raph,
Page 211, shows 1 elongation rem.alnlng Immediately af-
ter drop.

4. EVALUATION OP LINE BIWAKS: This portion of the pro-
Ject required careful anaTyiTs because many of the lines
we.~e broken or badly damaged from causes other than di-
rect stress or friction burning. In other instances,
examination or lines that pulled away frown the skirt of
the canopy showed no signs of failure in the line it-
self. In order to evaluate the lines fairly, only thoue
failures due to the following appear on Tables VIII and
IX.

a. Lines broken due to high stress.
b. Lines broken from friction burno.
"c. Lines broken due to combined friction burns and

stress.
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WHIRLING TOM TEST3

SECTION III- TEST RESULTS (CONTID)

Lines broken at the link tie-on knot were presuned bro-
ken due to stress alone. Note that the knot reduces
the strength ot the line by 15% to 25%.

Lines broken at the akirt reinforcements were generally
due to high stress. There is sometimes a alight weak-
ening of the line at this point due to sig-zag sewing.

Lines broken between link and skirt ware examined for
buarns to determine whether cause of failure was stress
or frietion.

SECTION IV - DISCUSSION OF TOWER TESTS

1. PIRPOOS OP TESTING TWO SIZXS OF CANOPIES: At the
timt 'tris project -as being pmod, It was estimatedthat the loads from 200 MPH tests would not be high

enough to stress the lines to their full strength, us-
Ing 30 ft. extended skirt canopies. Therefore, the
24 ft. canopies that are known to produce high opening
loads were selected for the larger portion of the tests.
Tihe 30 ft. c~anopies were used to study the performance
of deployment bag openings and to collect Information
on the Type T-9 canopy.

2. TE4AT TOWER DUMMY: The tests called for a dummy
welgit o 2) lbs. but by the time the tenblometer and
fittinsa were installed, it was 4`50 lbs. The outermost
10 ft. of the flying wires bring the total weight of
the load to approximately 260 lbs. When this weight
is launched at 200 MPH, it imposes a load on the 24 Ct.
canopies that is close to their ultimate strenm:h.
Soon after the first few tests, the weights on the dum-
"my were sh.fted to ti.,e forward position of the dummy
to gain better flying stability.

3. DEPLA)YMHNT BAG PERFORMANCE: The deployment bag is
used oh the Type T'9 parachute to hold the 30 ft. exten-
ded skirt canopy. Its purpose is to contain the canopy
until all of the lines are paid out, thus preventing pre-
mature opening of the canopy. In operation, this system
has some disadvantages. The bulk of the canopy is con-
fined in a bag of relatively small dimensions. This bag
can twist or tumble more than a canopy would, thus plac-
Int, twists in the suspension lines.

The lines are withdrawn from the stowage loops very ra-
pidly, oftimes tearing the loops. The loops were ap-
proximately 5 inches long, thus creating a source for
burns due to friction. These faults are associated with
the high speed launcnings far more than with low speeds.
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WHIRLING TOWER TESTS

SECTION IV - DISCUSSION OF TOWER TESTS (CONT'D)

The twists in the lines may have contributed to slowing
the openings of the canopies, thus aiding in the reduc-
tion of loads for this type of deployment.

4. REPEATED TESTS: In such cases where the tensiome-
ter record was not clear, the loads were obviously out
of line due to known causes, such as abnormally slow
or fast openings, a test would be repeated. Precau-
tions were taken to keep these repeat tests to a min-
imum. In the majority of the tests, one canopy with
each type of line would be tested in its ord1er so that
atmospheric conditions would not vary too much between
the different line groups. Unfortunately, the results
of each day'a testing had to be analysed before It was
known whether a repeat test was needed. Approximately
41 repeat tests were made.

5. MISC. FACTORS INFLUENCING FINAL RESULTS: The aver-
age of four or six tEasts will usually give an indica-
tion of the performance of a canopy. To establish a
more accurate rating of the performance, a minimum of
ten or twelve tests should be made. One of the factors
that must be considered Is the effect of broken lines
on the canopy loads. When lines are broken, air is
spilled on the side of the canopy where these lines have
failed to furnish support. Tha spilled air prevents
the load from building up to normal.

The exact instant at which the line broke is very im- L
portant. It is evident that if the break occurs due
to hieh snatch force, the canopy will not register a
high opening shock. The same reasoning applies if the
line breaks while the opening shock peak is being ap-
proached.

Listed below are some causes for abnormal snatch force
or opening shock loads:

a. Line-over the canopy openings.
b. Inverted canopy openings.
c. Slow pilot chute action.
d. Pilot chute area too small or tno large for the V

size of the canopy.
e. Line attachment failure.
f. Torn canopy panel.
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DROP TEST RECORO
SUSPENSION LINE GROUP NO I 24 FT. RIP-STOP FABRIC CANOPIES

SPEED 10OM.P.H.

PARACHUTE DATA TENSIOMETER DATA WEA'rHER DATA

SERIAL NO. CSNACH OPENING OPENING O RELATIVE BAR
_ R__ NO. POROSITY F0flC('LS SHOCK'LOSITIME SEC DATE ___T __e HUMIDITY PR"SS.

20 110.9 1650 1300 1.76 1012/s0, 78 49 29.50

Q2 - .L 2•Z• 1o. 1A5L W245Q 42 25 .. 4

93- ........ 5 20 1400 1.L7 67 30 29,_04-
O4. 2g.4 18oo 316o 1.4;1 03/) 6 56 129.16

05 106.1 2525 1850 1.55 10/31/5 58 56 29.1606 o. 2165 2050 I-sa 4o•i,• 5 J29.14I

AVERAGE 9ij9.9 1986 __1617 15 ___ _t....
SPEED 150MPH.

PARACHUTE DATA TENSIOMETER DATA- WEATHER DATA
CANOPY SNATCH OPENING OPENING RELATIVE aAR.SERIAL NO. POROSITY FORCELUS SHOCK'LBS TIME SEC DATE TEMP HLMIDITY PRESS.

350201 110.9 4750 2725 1.08 12,/18/5 5 18 29.12

02 100.0 3525 3000 1.06 12/18/5 30 30 29.00

03 9.4.J 5175 3250 1 .10 12/18/5 32 31 3829
0.QoQo •2o 1.•o 5/Q11 7 400 22g68.9f

0 -605 o.3 750 2725 1.18 1Q/LS 35 28.9b
06 99.8 351 2625 15 29382

AVEAG 100.3 4092 2598 1.11 [

SPEED 200M.PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPENING OPEN4ING DATE TEMP RELATIVE BAR,

____I __ NO. POROSITY FORCE-LeS SHOCK-LBS. TIMC'-SEC HUMIDITY PRESS

350Q201 _59_00 4660 .QQ.0 5/51 5a.. 28 28.92
02 5000 4320 1.10 4/10/51 6T7 25 27.80

0 ..... O6320 *820 0.9g 5/L/51 52 28 28.92

06 _____ 600 2000 1.40 1LL- 58 20 28.84P- 06 6ooo 4,0oo i.- t//4 58 20 28.84

AVERI.QE 5357 1.06
WDTR 5?.ý57 -194
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DROP TEST RECORD
SUSPENSION LINE GROUP NO 2. 4A FT RIP-STOP FABRIC CANOPIES

SPEED 10l0M PH

PA14ACHUTE DATA TFNSIOME.TER DATA WEATHER )ATA

,,I miki NOl CANOPY o r OPNINO O6_iiNE4Gi -4FIL Ai 1- % F ~ 14.-1

t,3~ .Q7. 0140 1 1) I 011 (L O I. i AS %tji)C)19- ~ j 9q *,g I~ ()y T I MIR MI ~ ;4i
__5• 7_.-._ 97 .. 6 ....I ..... . _. _ 6 ..2.50_ T 4 9 .. 29.5

..... 6 o1400 1.8o oZ_.. I6 .. 6 29.16

,h,-0E -. 96.5 192o 1782 1.55 - ..

SPEED 150 M PH

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
C _NO_ ,ID Y %N II ti N' C o,,f N, N6, T I VS lt"14l Nu P10,10911 y rONcf l! %t O 1 as as li [ • l T rl MP till P tl•

.. ... 1.1....... . • ...... T . AT... . . 9

5~309_ Rooo 1. 42 2~/p4

.. . 9 1.5... 9. 2 225 1.06 /1/_ i2 . 28.98

A0 IQ2 a4 .4625 3999. -J.Q5- 1//59 6.6 - 29.36
. . 110.1 _3ZQ .2630- 1.o ,/V.51 -37 28.90
12 99.1 5325 3500 0.97 2/12/51, 38 55 29.18 [
__VEAG p430 _276 5.15

SPEED ?OOMPH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
SS NANOP N TCH t11,W NIN " lOPt NING HII AT IVI "MR

P('ROSiT'N F OfCE t95 ,SHOCK A T•IMF -. tC HUMITY OI 4 T Is'

.......... -.... "...4660 0.80 41W551 58 02 29..52
08 . . 8o. .55o __0.90 9 /lo.0 67 2 .7.8..
_ .. _53_ .. 5-.- ..k.50.. L,_ /26/.51... 26.

11._ _ 5000_ 1.00 /2 6 26
12J 666o 530 1.10o ./2.5i 6o 25 29.50

AVERAGE9 ____7_955 0.

-------- - m



DROP TEST RECORD

SUSPENSION LINE GROUP NO. I11 24 FT, RIP- STOP FASRIG CANOPIES
SPE'ID IOOM.P.H ii

PARACHUTE DATA TENSIOMETEP. DATA WEATHFR DATA '
rf ReAL NO POROSIrY FORI, LBS SHOCK'LS3 (IME SIM O1•A&TIT'. MK ,0213  96.4 go_ 160 __1._9 0/15 T __ 15 g,5. __

__.1__ 920 -& 1450 1,67 82/s 44 -29. .5O

15 101.6 2530 2215 J.VT ;0/ 2/' 50 8T. 4_ 29.44
S16 _)A.L10_ 231.5 1•550 i.s6 VO3,;• i_5A_ 56 2.1

18 89.0 .50 1200 1_0 /./ 45 _, 29.14
_______ 97.1 _1716 1608 1- 1.59

SPEED 150M PH.

PARACHUTE DATA TENSIOMETER DATA
CANOPY 'SNATCH f, OPE4NNG OPENING REELATIVE BAR

StRiAL NO POROSITY FORCE'LOS NHCCK L 1 TIME c ATE TEMP HUMITY PRESS,

__UQ ~ ~ ~ SPEE -6 50 3200 M. H,.1

..91,31- 2300 2600 1A 2/W59~3f 30 -asLQQ

101Q 'AL. 6 , 20 2 32. .26,.
16 11. 165 -2 g9i 2/5 2 ~5.5 29, 8_

..9ZLL MQQ .32QQ ~ /12A5~3 5~~A2

AVERAGE ~ 58 30 96. .23 I-___
SPEED 2 00 M.PH.___

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPENING" OPNiNRLATIVE BAR

SRIAL NO POROSITY rFORCE'LBS SHOCK -LOS, TIME -SEC M UMIDITY PRFSS __

13013 ____1 4160 4'82o 0.95 /V2/5i 60 30 29.50
1 ____ 3130 2500 0.9-0. 1V/1O1 6~7j 2 2T.80

17 _ 5160 5630 .1-10 6428/5 21 -V2.

18 5000 5000 1.10 4/28/51 64 21 L__9._

AVERAGE ___T_ 4335~L 0.9 M

WAC11|5
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DROP TEST RECORD
SUSPENSION LINE GROUP NOIV 24 FT. RIP-STOP FA63RIG CANOPIES

SPEED iOOM. PH

PARACHUTE UATA TENSIOMETER DATA WEATHER DATA

.%I Alll NO 1 -001 *1-Ni -AT FR 1.AIV t

19 9$9 2II2ý W{~O 1.1 io/ t. 82 4 _ 29.48
-~970 1400 _2ý-75 A8- ij/0 34 94

L4 ll. 130 1250 __7 2/013e 62 45
AVERAGEL 99.9 1707 1013 1.48 1 L21

SPEED 150M PH.

PARACHUlY DATA TE2NSIONIETER DATA WEATHIER DATA
NOPY 'NATCM fl~NIN%^ IOPTNING

SIRAI~ =1POR05ITY P ONCE IR P6 NO(K i ES TIME S DTE EM I( tlATyV BAR3

.. _._. _._ •......•,• .,__ .- ..... -_, __ .. .. _.• ... ---- • . 8teM._. T .... _,• .

_... .... 2 . .. .... 3.__. .. .0 ..... 1:. 08... 1.2... 18_ /5_ 10• 221 _ • ,,

1-50q219 _96.0 _2625 3350 1.0 -1/2/1 9 42 _28.94_ _ _20 . 9 . .... '2$0 1.0 . .../. ..42 . 16

22 10.-------.0100 ýP 669_ _ 293•_.._ _.02 9.5 2210 __ OO 0,84_2A /5•4 •66 2 Z.1•6

AVERAGE 100.2 2864 3413 0.99

SPEED 200M.PH

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA

CAN OP'Y SNATC'H ,F'NNI N o DITC, AIV B pAR

•F~&I U• POROSI TN 'ORCE, aq• SFIOc. t 6%S T IMtE .SEC D T| T• HUIMIDITY PH#.l, \

- 35~Z~i. oQ- -5./54a 2el. Q4..

227

2QL. - 0"8 -14 ai,71g/1 1Lz~

... 2 101.8 3950 3• ••_ A . 2-...... 42 Oak.
232390 4500 1.00 263 26 28.78
24 23500 5160 1.10 5/8/51 62 1__2_ 1 28. 2

isEAG __ __ 382 1 4515 0,88 ___ __ ____ _ _

W= R 59o 5 7,_-
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DROP TE3'T '
SI&JPENION LINE IROI)P N0 V 24 FT RIP-STOP FABRIC CANOPIES

SPEED 100M P.H

SPARACHUTE D&T TSiGMETER DATA WEATHER DAI A
A ) .Odwi '-ta , *OPfN'No OPC NINO t All iVt 11 Ai

SNIAL I 1NO DT E T IF M P

_4159 666a•,N9OIT ... .30.104.

- 95 ~ -5D 16.00 .32/5-6& 2 2~O

•.-2•£....• .9 ..... LZ5 23 0.A ..... 1 AA50. 1A131/v ... 56.... . 28.,A16.

_AVERAIGE .8 _ _16751-i-iL

SP'FED 150 M PH

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
NN~t I N'NN O NIC, il I Al i t 1A

. .. 2 _ .... & _... A 0 . ._50.... 1, ., U 2. _ ... ... 09 8

94.6~L 4QQ 3Q ~.12 /l18/ _3Z 3 ~,
• __.AQQ, i. .. 41 .... 30Q9.... J.30.. 5//51...... •ga..... 25 ; ,8,,

___ n~.5__29 305 M~a ~/sk 4 4 918 1I ATP92Li
==_..•,.-3.. - In ... 59... 1775. a_,,5 .S.4-32-9.2/12/531 4,9 ' 9 • .,;

AV•OK 95.6 3362 2713 1.06

SPEED ?OOMPH,

PARACHUTE DATA TENSIOMETER DATA WEATHER DAIA
CANOPA N 0, $ TC t NI 0 Rt R L A t I'Vi % A• .. ,

SNPOROSýT 1 IR L C IF I p SHOCK 1l1S TIMF StC m HUM,{, ,Y ",,, 1? t

~60 ~0 45l_. _72 .1 28.95
.~330 3820. ..52 268 e. 2!

27 ___28 ,5-___

2 2.. _, f6500 4660 1.4 30 1 ..-.- 28.92

C _ *17 3 1 3884 1. 2
!M______ I________ Q 9_______________________



sBCION v

DROP TEST RECORD
SUSPENSION LINE GROUP NO. 1 30 FT. RIP-STOP FABRIC CANOPIES

SPEED IOOM.P.H.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPENING OPENING RELATIVE BAR

PSERIAL NO. ROSITY FORCE-LBS SHOCK-LBS TIME'SEC. DATE TEMP HUMIDITY PRESS.

3502331 89.2 550 700 2.8 13/51 53 51 29.29
32 93.8 700 650 3.0 0/13/51 55 46 29.28
3.1 91.1 450 6o q*2 6Z/1/51 48 1 2!,2e~8

34 1 00.' 275 500 3.5• 3 '/15 27 29.28

AVERAG 91.75 Lito 613 - .,i

SPEED 150M.PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPEN'NC OPENING RELATIVE BAR

SERIAL NO. POROSITY FORCE-LBS SHOCK LOS. TIME'SEC. DATE TEMP HUMIDITY -PRESS

350231 88.9 1 1100 800 3.0 .1/26/51 51 34 29.0..

32 93.4 1000 900 2.5/55/51 55 26 28.84
33 94.3 1100 1875 2.8 AL//51 29 '44 29.58

34 99.0 800 850 2.7 /23/51 35 2.5 29.09

AVERAGE 93.90 1000 856 2. 75

SPEED 200M.PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA

CANOPY SNATCH OPENING OPENING - RELATIVE BAR
POROSITY FORCE-LBS SHOCK-LBS. TIME-SEC HUMIDITY PRESS

350231 86.3 900 1500 3.6 V§151 352s2 9,54

5___ 1500 2250 1.6 8I 56 3 2 .37

34 _1350 1350 2.0 3/28/51 63 23 29.31

A VEI&tAO_ 1763 1738 2.0_

M T 52-5199
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DROP TEST RECORD

SUSPENSION LINE GROUP NO. 11 30 FT. RIP-STOP FABRIC CANOPIESSPEED 
100M.PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPCNINS OPENING OARL TV DMPR

POOST FOR L91HC-, TIME -SE;II ~ p~

_ 32o215 89-.6-- 5 o00 .1 ?1Zo1 1 35 11 29.3_,_
__36 9_.8 A•'62 o ±L.... 2/,1 5s l29-2

I38 91,6 300 700 3.0 ?/1 /51 54 47 29.26

AV"R.0R 91.07 290 588 ..

SPEED 15OMPH

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPENING OPENING D lLATIVE &R.

SERIAL NO POROSITY FORCE.L.,S SHOCK LOS TIME SIC A HUMIDITY PRESS

-4•05235• Q.1 80 IM 2. "615 5'7 3L 29 Nt 6 !oop 9~0o 1*00 2.5 2L•!/51 55 26 28.84

37 101.1 1Q100 950 3.J z./251. 29 1L. 29.58

-38 0- 4-70_ __O .1 _2_2__151 32 31__ ,,

ivoA:i 1 7 1 7 .10... ! ii _

______ _____~~ SPEED_200M.PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
ERIAIL NO CANOPY SNATCH OP NING OPENINT RE LAilt 0 AR.

SERIAL 0 POROSITY FORCE-LBS SHOCK'L8S TIMFE DATE TEM HUMIDITY PRFSS

15025 854s .1400 52i -.6L5 29.5L
36h 1750 1.7 Q/51/ ._,223•6 z'~o ;5o •,r •3/8/• 56 __-IL.

3T1*0Q_ 120 1,9 3:L/1 .....12L0 43 28,8

38 89,1 1520 1550 1.9 -3/28/51 §1 20 29.27

AVERABo 87.5 1*75 1575 2.24 -. -

~ i --'-- "---'- .',



SECTION V

DROP TEST RECORD
SUSPENSION LINE GROUP NO 111 30 FT RIP-STOP FABRIC CANOPIES

=--_ SPEED 100MPH,

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH OPENING OPENING REELATIVE 15BAR

SFRIAL NO POROSITY FORC( LIS SHOCKILI', TIME SEC DATE TLMP HUMIDITY PRfSS

_ _350239 91. 225 500 3.0 2920/_1 35 TQ 29.3

S-92 06.o 225 _ ... L. 2/60Z135/ L 53 47 2_9.28_

-Az_..._ 86.3 2P5 55q- 3 -3 ?113151 4T ? 92

Augs 89.37L' 225 550 1 1. !I_

SPEED 150M PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCH )PFNINC OPENING RELATIVE DAR

SERIAL N, POROSITY FORCELB6$ SHOCK LOS TIME 6EC DATE T_ __P tIUMIDITY PRESS

350239 _02150_ 850q 2.6 2./26, ._,51-_ 34...2\

40 o~ o 9N0 2/,U/_ • .55.-_. ?6 28.84

A 2VE 846.__•. 750 1601 2.85 _212_e _2___ 3____2.06

AVERAOl1 20.1,5_•o 09 28

SPEED 200MPH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
SERIAL NO C IND m PtNING DATE T L MP. R TIVE SA1S POROSITY INACt'I.C83S O•ONIN TIME'IN HUMIDITY PRESS

.888 1500 _3_f51 __9 _ 9_52
. 0 __ 1950 1550 2.0 /8_/51 56 30 37

4 - 1100 1450 2.3 3/6,6/51 47 43 28.8

!2 85.7 1900 1600 2.0 3/28/•! 62 19 29.PI

_i-AVERAGE 8T.2, 161 1625 2.02_______

-J=T 522 fil



SECTxOU V
DROP TEST RECORD

3USPENSION LINE GROUP NO. IV 30 FT. RIP-STOP FABRIC CANOP!ES
SPEED ,oo.MP...

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA

CANOPY SNATCH OPENING OPINING RELATIVE BAR
SERIAL NO. PJROSITY FORCIE'LlS SHOCK'LS TIME SEC DATE TE HP UMIDITY PRESS

350243 85.5 300 550 3.0 151 53 51 29.29

4 75 550 us9 P.J2/51 35. 70 29.32
45 83.3 450 4507 29.28

46 8_3 0 375 650 2.9 /13/51 54 45 29.30

AVERAEO 87.52 375 550 3.02

SPEED 150MPH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCmH (,PE NIN iOPENING - RELATIVE BAN

SERIAL NOL POROSITY FORCE'LIS SHOCK LitITIME sEC DATE TEMP HUMIDITY PRFSS.

3592Q43 8. 800 950 2.5 6/26/51 -9 36 9. 9

4 __86.5 750 0l75 2.68 2/7/51 55 26 28.84
45 188.0, 800 2. % 3.0 UJ3/51 31 44 25

46 8Q. 8 700 850 2.19 2/23/51 32 31 29.06

_ m__

t- YmB•I 7S8.2 63 1964 ,7

SPEED 200M PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
NO. CANOPY SNATCH OPENING OPENING DATE TEMR, RELATIVE DARL

SEAIAL PO.POSITY FORCE'L89 SHOCK'LIS. TIME'SEC. HUIDITY PRESS

O3500113 RK. B 1070 15T70 2.6q L 4ý:15 57 21 20.4

____. 1350. 1550 5 8 6 28 29.36

5 15•'_ -5B ./3136. 513 2L4La
46 88.9 1fl0 1650 ,, V815 L 12 .. 292a.

AVERAGIC 86.95 1230 156_ _ 1.6 _

S!'.1
W= -- - - - V

-NNW



DROP TEST RECORD
SUSPENSION LINE GROUP NO V 30 Fi RIP-STOP FABRIC CANOPIES

SPEED IOOMPH_

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
StRIAL NO CANOPY SNATCH OPENING OPENING DATE 7 EM P RELATIVE BARPOROSITY FORCE 'LBS SHOCK LBS TIME' SEC HUMIDITY ia',SS

35024T o 175 500 3.1 2/13/51 55 . ?6._L_

49 101.7 175 700 3,0 2/i13/5.1 -54 _ 47 019, _8
296-3 175-- -375 _I. I 2/0/5A 36 72 n,.±2

AYMBOR 92.73_ 175 519 L-.17

SPEED 150 M PH.

PARACHUTE DATA TENSIOMETER DATA WEATHER DATA
CANOPY SNATCHi opPhNINC OPENING T RELATIVE BAR

SERIAL NO POROSITY FORCE-LOS SHOCK LIRS TIME SEC . ATE THMP jUMIOITY PRESS

3 . 47___ 8 3,29 .oo 7.0_2 R!26151 59 M 9 29
48 88. 1 __ 5 o 2.1 V / .2 . 53 2_8 .

49 98.7 600 940 3.2 3/3/51 36 38 29.5
o0 ...OV8 3.95 1*0N_ 0 2. ' 2/23511 3 32 29.38

1 VdG 37. 61 18 2.52-

SPEED 200M.PH.L

PARACHL'TE DAT TENSIOMETER DATA WEATHER DATA
CANLP, . NAT d-I OPENING RELATIVE BAR

SNATI>-I NOEI. DATE T E M P HMDT SA NO, POROSITy FORCeI L 8 SHOCK-LBS TIME-SfC OA__ T_ M_ HUMIDITY IRss

350., 7 82.4 1200 .680 2.6 3/6/51 52 1__ _29..__

48 1250 1450 2.1 3/28/51 56 28 29.361.

49 98.6 1200 1200 : 6 4 7 43 28.8
5-0 _14t 130 2550 2,2 3/-20/51 62 19 29.27

a&- 21,0 1250 1645 2. 34

2. ........3



I

(Z Second Boat

.Vors t

24 PT. CANOPIES

TABLE II TESTS AT 100 4.P.H.
LINE GROUP NO. I II III IV V

Aver. Snatch Force 1986 1920 1716 (

Aver. Open. Shook (i7 1782 1 1 1675

Aver. Porosity 99.9 96.5 97.1 99.9 95.8
Aver. Open. Shook .1.55 1.55 1.59 1.148 1.50

TABLE TII TESTS AT 150 M.P.H.

LINE GROUP NO. I Ii III IV V

Aver. Snatch Force 4092 !320 3362

Aver. Open. Shock 2 2b76 300C 3 3
Aver. Porosity 100.3 97.3 96.9 100.2 95.6

Aver. Open. Time 1.11 1.15 0.93 0.99 1.06

TABLE IV TESTS AT 200 M.P.H.

LINE GROUP NO. I II III IV V

Aver. Snatch Force 5357 577.1 44'78

Aver. Open. Shock ( • 4335 4515

Aver. Porosity 90.3 102.1 110.9 101.8 98.6

Aver. Open. Time 1.06 0.92 0.93 0.88 1.25

LINE EVALUATION TABLES BASED ON IMPACT LOADS

WI •52-57 aD



=Beat

C)seownd Best

.Worst

30 FT. CANOPIES

TABLE V TESTS AT 100 M.P.M.

I.NN OROUP NO. I II III IV V

Aver. Snatch Porce 294 (g D 375 rM

Aver. Open. Shock 5N C88 50 -F5-0) [

Aver. Porosity 93.75 91.07 89.37 87.52 92.73

Aver. Open. Time 3.12 3.25 3.17 3.02 3.17

TABLE VI TESTS AT 150 M.P.H.

LINE GROUP NO. I 1I III IV V

Aver. Snatch Force JoqO 875 ( 763

Aver. Open. Shook 1038 1019 08a
Aver. Porosity 93.90 97-.3 90.15 87.52 93.70

Aver. Open. Tlme 2.75 2.80 2.85 2.77 2.52

TABLE VII TESTS AT 200 M.P.H.

LINE GROUP NO. 1 I1 III IV V

Aver. Snatch Porce 176 1475 1613 12=50

Aver. Open. Shook i [Iv 1625 1645
Aver. Poro3sity 86.30 87.5 87.25 86.95 91.80

Aver. Open. Time 2.05 2.24 2.O2 1.65 2.34

*See Appendix "C", Page 33

LINE EVALUATION TABLES BASED ON IMPACT LOADS

V= 5R 52-57 205
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,.,.w.C ,.-; oil, "ww O7•Imi'

LIN. T MAKAOL DUE TOC QPZNINC FOEit-• ANZ ACI..( :...N "L

"A" Broken at Lin. Knot ', L.'okea at '.!-It
"B" - Brtoken between Kne.t .) r'ocz. Itt ,..;w'

gaud Skirt

Loatim or Lim ]amcag

24 ft. Canoples AJLA SpeeW@

GROUP NO. "A" "D" "CP TOTAL

e 18 0 0 0 18

II 0 0 0 0 0

aI 0 0 0 1 1

Iv 17 6 1 0 24

V 0 0 0 0 a

TOMAL 35 6 1 13

?AMX

Losatlen of Line Bm•e•B4

30 ft CanopieS All Speeds

MOIP NO. "A" "l"i" "an "D" TOTAL

I 0 0 0 0 0

II 0 0 0 0

II 0 0 0 0 0

IT 25 3 0 as

V 0 0 0 1

TMAL 0 25 4 0 29

WA~M M5-57 a06
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LIST OF ILLUSTRATIONS

Pape
igunr i4. Scott Pendulum YTpe Tensile Teeter

vith Cord Ubdor Tension end Tonsil-
S• record of elongation ............ 213

15. Method of Clnmping Cord in Jawo of
Scott Tensile Tester .............. 214

Pigu '• 6. Frazier Air Porosity Tester in Use ... 215

gFigur 17. 40 ft. Witended Skirt Cancry in Do-
ployment Bag and Mounted inside of
Drop Test Pack on Test Tour DuiW ... 216

rigure 18. Deployment Bag Being Pulled From
30 ft. Canow. Note outwArd motion
duo to centrifw.1 force ..... ,....... 0217

Figure 19. 30 ft. Mxtended Skirt Canol 4ter
Snatch Force has Actsd on m.
Opening Shock Peak is not yet tached.
Note Twist in Lines at Snd of Risers 21\

tigure W0. Approximate Instant of Opening 6hock
Peak on the 30 ft. CanoW. Twists
in lines caused Several Line Failures 219

Fije 21. 2* ft. Canoar an Instant Before Snatch
Force h~s pulled Lines Taut. Th* Can-
OTr is 5tarting to Fill at the Vent
Before Lines !uv Pully Stretched .... 2

Figure 22. 24 ft. Canory During Opening. Open-
ing Force is building up to a maximm 221

Figure 23. Typical -4 ft. Cano• Fully Opened.
DumnVr is Starting to %rift. Heavy
Cross Seams Indicate Repaired Sec-
tions 222........,......
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DEPINITION OF TERMS

SNATCH PORCE:- The force imposed upon the subject load
by the parachute to accelerate the mass of the parachute
from its final velocity at line stretch (or snatch) to
the velocity of the subject load.

* OPENINO SHOCK:- The force imposed on the subject load,
a brief Instant before the full opening of the canopy,
due to the retarding effect of the mass of air entrap-
peC in the canopy.

OPENINO TIME:- The elapsed time from the instant the
pilot chute emerges from the pack until the skirt of
the canopy is fully open.

FRICTION BURNS:- The fusing of the fiber3 due to the
heat generated when materials are brought into a quick
forceful contact or when friction takes place.

WM TR 5&57 223
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